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(57) ABSTRACT

The present invention is intended to provide a sealing material
for a light emitting device, which is able achieve both the
adhesiveness and the crack resistance, have the high sulfur-
ization resistance and the wet heat resistance, and seal the
light emitting element. The sealing material for a light emit-
ting device for sealing a light emitting element is character-
ized in that in a solid Si-nuclear magnetic resonance spec-
trum, a peak has a peak top in a chemical shift within a range
of' =120 ppm or more and =90 ppm or less, and a half width of
5 ppm or more and 12 ppm or less; in the solid Si-nuclear
magnetic resonance spectrum, a peak has a peak top in a
chemical shift within a range of —80 ppm or more and —40
ppm or less, and a half width of 5 ppm or more and 12 ppm or
less; and a silanol content ratio is 11% by weight or more and
30% by weight or less.
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1
SEALING MATERIAL FOR LIGHT
EMITTING DEVICE, LIGHT EMITTING
DEVICE USING THE SAME, AND
MANUFACTURING METHOD FOR LIGHT
EMITTING DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

This Application is a 371 of PCT/JP2013/065151 filed on
May 31, 2013 which, in turn, claimed the priority of Japanese
Patent Application No. JP2012-124166 filed on May 31,2012
both applications are incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a technique for sealing
light emitting element in a light emitting device.

BACKGROUND ART

Inrecent years, there has been a widely used technology for
obtaining a white light emitting device in which a phosphor,
such as YAG (yttrium-aluminum-garnet) phosphor, or the
like, is arranged in the vicinity of a gallium nitride (GaN)
based blue LED (Light Emitting Diode) chip. In such the
white light emitting device, white light emission is provided
by mixing blue light emitted from the blue LED chip and
yellow light emitted by secondary light emission from the
phosphor which has received the blue light. It has also been
used a technology for providing white light emission by mix-
ing the blue light emitted from the blue LED chip and red light
along with green light emitted by secondary light emission
from each phosphor which has received the blue light.

There are various applications for such the white light
emitting device, and for example, there is a demand for the
device as a substitute product of a fluorescent lamp or an
incandescent lamp. Further, the device tends to be used for
light emitting devices, such as an automobile head light, and
the like, requiring extremely high luminance.

PRIOR ART DOCUMENT
Patent Document

[Patent Document 1] Japanese Unexamined Patent Appli-
cation Publication No. 2007-112974

[Patent Document 2] Japanese Unexamined Patent Appli-
cation Publication No. 2007-112975

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

In such the light emitting device, a transparent resin, or the
like, is typically used to seal a light emitting element (for
example, LED (Light Emitting Diode) element).

The purposes of the sealing in the above manner include,
for example, suppression of corrosion caused by sulfide gases
and wet heat resistance, for metal materials, such as elec-
trodes, reflection plates, and the like, of a semiconductor light
emitting device. It is known that a silicone resin is excellent in
heat resistance and ultraviolet light resistance, and is typically
used as a sealing material for the semiconductor light emit-
ting device. Among such the silicone resins, resins having
high sulfurization resistance, such as phenyl silicone resin,
for example, also exist. Even higher sulfurization resistance is
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2

however required for the light emitting device used in outdoor
environment, and sealing with the silicone resin dose not
always satisfy the requirement. Further, adhesiveness and a
crack resistance are expected for fixing phosphor on a light
emitting element.

On the other hand, in Patent Documents 1 and 2, an
example of the sealing material for the light emitting device
for sealing such the light emitting device is described. In
Patent Documents 1 and 2, a solid Si-nuclear magnetic reso-
nance spectrum is used as a method for checking a substance
composition. The solid Si-nuclear magnetic resonance spec-
trum is one kind of spectrums obtained by nuclear magnetic
resonance spectrometry. Specifically, in the invention
described in the Patent Document 1, in the solid Si-nuclear
magnetic resonance spectrum, it is described a sealing mate-
rial for the light emitting device capable of coating a thick
film which is made possible by including a predetermined
amount or more of a D” compound with a peak in a chemical
shift within a range of -3 to —-40 ppm.

However, the sealing material for the light emitting device
described in Patent Documents 1 and 2, there is a problem that
the sealing material causes film peeling due to an insufficient
adhesiveness when thermal (hot-cold) shock is acted thereon;
even high crack resistance is achieved.

The present invention is intended to provide a sealing mate-
rial for a light emitting device, which is able achieve both the
adhesiveness and the crack resistance, have the high sulfur-
ization resistance and the wet heat resistance, and seal the
light emitting element.

Means of Solving the Problems

The invention according to Claim 1 is a sealing material for
a light emitting device for sealing a light emitting element,
wherein in a solid Si-nuclear magnetic resonance spectrum, a
peak has a peak top in a chemical shift within a range of —=120
ppm or more and —90 ppm or less, and a half width of 5 ppm
or more and 12 ppm or less; in the solid Si-nuclear magnetic
resonance spectrum, a peak has a peak top in a chemical shift
within a range of —80 ppm or more and —40 ppm or less, and
ahalfwidth of 5 ppm ormore and 12 ppm or less; and a silanol
content ratio is 11% by weight or more and 30% by weight or
less.

The invention according to Claim 2 is the sealing material
for a light emitting device according to Claim 1, wherein the
sealing material optical element contains inorganic oxide fine
particles.

The invention according to Claim 3 is the sealing material
for a light emitting device according to Claim 2, wherein the
inorganic oxide fine particles are ZrO,.

The invention according to Claim 4 is the sealing material
for a light emitting device according to Claim 1, wherein the
sealing material contains a cyclic ether compound.

The invention according to Claim 5 is the sealing material
for a light emitting device according to Claim 1, wherein the
sealing material contains a silane coupling agent.

The invention according to Claim 7 is the light emitting
device in which at least a light emitting surface of an light
emitting element is covered with a sealing layer, wherein the
sealing layer having a film thickness of 10 um or more and
less than 500 um is formed with the sealing material for the
light emitting device according to any one of Claim 1 to Claim

The invention according to Claim 8 is the light emitting
device, in which at least a light emitting surface of a light
emitting element is covered with a sealing layer, comprising
a phosphor-containing resin layer containing a resin and
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phosphor particles on the sealing layer, wherein the sealing
layer is formed with the sealing material for the light emitting
device according to any one of Claim 1 to Claim 5, and has a
film thickness of 0.7 um or more and 15 um or less.

The invention according to Claim 9 is the light emitting
device according to Claim 7 or Claim 8, wherein the light
emitting element is a light emitting diode.

The invention according to Claim 10 is the production
method of a light emitting device in which at least a light
emitting surface of a light emitting element is covered with a
sealing layer, comprising the steps of applying a sealing agent
for the light emitting device onto the light emitting element;
and forming a sealing layer containing the sealing material
for the light emitting element according to any one of Claim
1 to Claim 6 by curing the sealing agent for the light emitting
device at 80° C. or more.

Effects of the Invention

The sealing material for the light emitting device according
to the present invention satisfies the following conditions:

in the solid Si-NMR spectrum, a peak has a peak top in a

chemical shift within a range of =120 ppm or more and
-90 ppm or less (that is, a Q" peak group), and a half
width of 5 ppm or more and 12 ppm or less;

in the solid Si-NMR spectrum, a peak has a peak top in a

chemical shift within a range of -80 ppm or more and
-40 ppm or less (that is, a T” peak group), and a half
width of 5 ppm or more and 12 ppm or less; and

a silanol content ratio is 11% by weight or more and 30%

by weight or less.

Thus, the sealing material for the light emitting device is
able to achieve both the adhesiveness and the crack resis-
tance, and obtain the high sulfurization resistance and wet
heat resistance.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is an example of measurement results measured
with a solid Si-NMR spectrum.

FIG. 1B is an example of measurement results measured
with a solid Si-NMR spectrum.

FIG. 2A is a schematic cross-sectional diagram illustrating
the configuration of a first light emitting device.

FIG. 2B is a schematic cross-sectional diagram illustrating
the configuration of a second light emitting device.

FIG. 2C is a schematic cross-sectional diagram illustrating
the configuration of a third light emitting device.

FIG. 3A s atable illustrating each condition and evaluation
result for examples 1 to 8 and comparative examples 1 to 9.

FIG. 3B is atable illustrating each condition and evaluation
result for examples 5 and 9 to 11.

FIG. 3C s atable illustrating each condition and evaluation
result for examples 5, 12, and 13.

FIG. 3Dis atable illustrating each condition and evaluation
result for examples 5, 14, and 15.

FIG. 3E is a table illustrating each condition for examples
16 to 19, and evaluation results.

FIG. 3F is a table illustrating each condition and evaluation
result for examples 9, and 20 to 24.

MODES FOR CARRYING OUT THE INVENTION

Hereinafter, the present invention is described in detail;
however, the invention is not limited to embodiments
described below, and can be carried out in various modifica-
tions without departing from the scope of the invention.
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4

Before describing the present embodiments, a solid Si-
nuclear magnetic resonance (hereinafter, it is called NMR)
spectrum is firstly described.

A compound consisting of silicon as its main component is
represented by a rational formula of SiO,.nH,O and has a
structure in which an oxygen atom O is bound to each vertex
of a tetrahedron of a silicon atom Si and a silicon atom Si is
further bound to each of these oxygen atoms O to spread like
a network. Further, the pattern views illustrated below repre-
sent a Si—O network structure without showing the above
tetrahedron structure, and some of the oxygen atoms O are
substituted by other components (for example, —H, —CHj,
orthe like) in a repetitive unit of Si—O—Si—O—. When one
of the silicon atoms Si is focused, there are a silicon atom Si
(Q*) having four —OSi as shown in a pattern view (A), a
silicon atom Si (Q?) having three —OSi as shown in a pattern
view (B), and the like. Then, in the solid Si-NMR spectrum,
peaks based on each of the above silicon atoms Si are in order
called a Q* peak, Q° peak, and so on.

[Chemical 1]

)

|
| O
—Si—O0—S8i—O0—=Si

e}

—Si—
|

| OH

®)

—Si—O0—S8i—O0—=_i

¢}

A silicon atom with these four bound oxygen atoms (that s,
silicon corresponds to a ” compound) is typically calleda Q
site. In the present specification, peaks Q° to Q* originating
from the Q site will be called a Q" peak group. The Q" peak
group of a silica membrane containing no organic substituent
is usually observed as a continuous multimodal peak in a
region of a chemical shift within a range of =80 to —130 ppm.

In contrast, a silicon atom with three bound oxygen atoms
and one other bound atom (normally a carbon atom) (that is,
silicon corresponds to a T” compound) is typically calleda T
site. In the same way as the Q site, peaks originating from the
T site are observed as peaks T° to T°, respectively. In the
specification, peaks originating from the T site will be called
a'T” peak group. The T” peak group is typically observed as a
continuous multimodal peak in a region of a higher magnetic
field side (usually a chemical shift of -80 to —40 ppm) than the
Q" peak group.

Further, a silicon atom with two bound oxygen atoms and
two other bound atoms (normally carbon atoms) (that is,
silicon corresponds to a D" compound) is typically calleda D
site. In the same way as the peak group originating from the Q
site or T site, peaks originating from the D site are observed as
peaks (D" peak group) D° to D”, respectively, and also
observed in a region of a higher magnetic field side (usually a
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chemical shift within a range of -3 to —-40 ppm) than the Q" or
T” peak group, as a multimodal peak.

Similarly, a silicon atom with one bound oxygen atom and
three other bound atoms (normally carbon atoms) is typically
called a M site, and the M site is observed as a multimodal
peak in a region of the highest magnetic field side (usually the
chemical shift of 0 to -3 ppm).

Now, refer to FIG. 1A and FIG. 1B. FIG. 1A and FIG. 1B
respectively illustrate an example of the solid Si-NMR spec-
trum. In FIG. 1A and FIG. 1B, the respective horizontal axis
represents the chemical shift, and the respective vertical axis
represents “relative intensity” depending on a content of the
compound in each structure.

For example, the measurement result illustrated in FIG. 1A
is a measurement result subjecting the sealing material for the
light emitting device consisting of silicon as its main compo-
nent representing the presence of each of the D" peak group,
T peak group, and Q" peak group. In FIG. 1A, D11 repre-
sents measurement data, and D12 represents data modeled
with Gaussian function. In addition, D13 represents a differ-
ential spectrum. In the example illustrated in FIG. 1A, peaks
P11, P12, and P13 are observed. The peak P11 has a peak top
in a vicinity of a chemical shift of —20.0 ppm. That is, it is
shown that the peak P11 includes a D” compound. In this peak
P11, the width of a part having a half relative intensity of the
peak value (that is, half width) is about 10 ppm. In the case
when a plurality of peaks are observed, wave separation (peak
separation) of the Si-NMR spectrum is performed by fitting
with Gaussian function or Lorentz function, and for each of
separated peak, the width of the part having a half relative
intensity of the peak value is derived as the half width.

Further, the peak P12 has a peak top in the vicinity of a
chemical shift of -60.0 ppm. That is, it is shown that the peak
P12 includes a T” compound. The half width of the peak P12
is about 15 ppm. Furthermore, the peak P13 has a peak top in
the vicinity of a chemical shift of =100.0 ppm to =110 ppm.
That is, it is shown that the peak P13 includes a Q" compound.
The half width of the peak P13 is about 17 ppm. As described
above, the example in FIG. 1A shows that the D” compound,
T” compound, and Q” compound are included.

Further, the measurement result illustrated in FIG. 1B is a
measurement result subjecting the sealing material for the
light emitting device consisting of silicon as its main compo-
nent representing the presence of each of the T” peak group,
and Q” peak group. In FIG. 1B, D21 represents measurement
data, and D22 represents data optimized with Gaussian func-
tion. In addition, D23 represents a differential spectrum. In
the example illustrated in FIG. 1B, a peak P22 and a peak 23
are observed. The peak P22 is a peak originating from the T
site, and the peak P23 is a peck originating from the Q site. In
addition, the half width of the peak P22 is about 15 ppm, and
the half width of the peak P23 is about 17 ppm. Since the peak
originating from the D site is not detected, it is thus indicated
that the example in FIG. 1B includes not the D” compound but
the T” compound, and the Q” compound.

A respective area ratio of each of those D”, T”, and Q" peak
groups is the same as a molar ratio of silicon atoms placed in
an environment corresponding to each peak group. Therefore,
when the area of all peaks is set to a molar quantity of all
silicon atoms, a total area of the Q" peak group, the T” peak
group, the D” peak group, and a M” peak group will usually
correspond to a molar quantity of all silicon atoms directly
bound to carbon atoms corresponding thereto.

Based on the above, hereinafter, the sealing material for a
light emitting element according to the invention is described.
The sealing material for the light emitting element has the
peak group having the half width of 5 ppm or more and 12
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ppm or less, and the T” peak group having the half width of 5
ppm or more and 12 ppm or less. As described above, the peak
top position of the Q" peak group is observed in the chemical
shift within a region of =120 ppm or more and -90 ppm or
less. Also, the peak top position of the T” peak group is
observed in the chemical shift within a region of =80 ppm or
more and —40 ppm or less. In the case when a plurality of
peaks are observed in each group, as described above, the
peaks are divided by fitting with Gaussian function or Lorentz
function, and conditions are determined for each of the
divided peaks. It is preferable that each of the peaks satisfies
the above half width condition. The sealing material for the
light emitting element according to the invention also satisfies
the above conditions, and has a silanol content ratio of 11% by
weight or more and 30% by weight or less.

Next, a composition of the sealing material for the light
emitting element according to the invention is described.

1. Sealing Agent for Light Emitting Flement

A sealing agent for a light emitting element of the invention
is used to form a sealing layer for sealing a light emitting
element. A cured sealing agent for the light emitting element
of'the invention may be used as a sealing material for the light
emitting element. The cured film (sealing layer) of the sealing
agent for the light emitting element of the invention has a
good adhesiveness with the light emitting element, and also
has a high resistance to a sulfide gas. The cured film is excel-
lent in transparency, light resistance, and heat resistance, even
if the film has a thick film, and no crack is generated even if
used for a long period of time. It may be considered that a
mechanism for obtaining such the characteristics is as fol-
lows.

The sealing agent for the light emitting element of the
invention includes polysiloxane having a certain degree of
crosslinking obtained by polymerizing trifunctional silane
compounds and tetrafunctional silane compounds. The tet-
rafunctional silane compound has many bonding hands,
reacts effectively with a metal reflecting layer and OH group
contained in a resin portion, and exhibits an excellent adhe-
siveness in order to form a covalent bonding. Further, the
crosslinking density is also increased so that it makes a sulfide
gas, water vapor, and the like to be hardly transmitted. As the
result, it exhibits an effect for minimizing corrosion and dete-
rioration of the metal reflecting layer, and the like. Further, the
trifunctional silane compound provides the sealing agent for
the light emitting element with flexibility with organic
groups, such as a methyl group, and the like, and has an effect
to suppress an occurrence of cracks originating from the high
crosslinking density of the tetrafunctional silane compounds.

When the sealing agent for the light emitting element
including both of the tetrafunctional silane compounds and
trifunctional silane compounds of the invention is applied
onto the light emitting element, the tetrafunctional silane
compounds having a high reactivity in the vicinity of the light
emitting element surface more effective forms the covalent
bonding with the OH group on the light emitting element
surface than the trifunctional silane compounds, and lays the
foundation for leading to the high adhesiveness. Further, the
crosslinking density especially in the vicinity of the light
emitting element surface becomes higher, and it makes more
difficult for the sulfide gas, and water vapor, be transmitted.

An unreacted group of the tetrafunctional silane com-
pounds bounded to the light emitting element surface forms a
bound of the both of the rest tetrafunctional silane compounds
and the trifunctional silane compounds. As a result, the seal-
ing layer for the light emitting element is formed. The trifunc-
tional silane compounds are more polymerized in a region
slightly separated from the interface with the light emitting
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element because of reactivity thereof, thus provide the sealing
layer for the light emitting element with flexibility to hardly
generate cracks. Further, the gas barrier properties of the
sulfide gas, water vapor, and the like, are also improved since
the unreacted tetrafunctional silane compounds advances the
crosslinking with the sealing layer for the light emitting ele-
ment.

As described above, it is considered that the sealing mate-
rial for the light emitting element achieves both the adhesive-
ness and the crack resistance resistant to thermal (hot-cold)
shock.

Further, in the invention, by using not more than a prede-
termined amount of bifunctional silane compound compo-
nents having high flexibility and many organic groups, the
sealing material for the light emitting element discoloration
derived from light degradation and heat deterioration of the
organic groups can be suppressed, and the sealing material
can also be used as a sealing material for a high power LED
from which a high temperature and high light volume of light
is generated.

The sealing agent for the light emitting element of the
invention is classified broadly into a case when phosphor
particles are not included (refers to a “binder type sealing
agent”), and a case when phosphor-containing particles are
included (refers to a “phosphor-containing sealing agent™).
a. Binder Type Sealing Agent

A binder type sealing agent includes polysiloxane, an
organic metal compound, and a solvent, and also included
inorganic fine particles, and the like, as needed.
(Polysiloxane)

Polysiloxane is a copolymer which hydrolyzes a silane
compound represented by a general formula (I) below or an
oligomer thereof to be polycondensed.

Si(ORY,, Y4 10}

where, OR! represents a hydrolyzable group,

Y represents a monovalent organic group, and

m represents any integer from 1 to 4.

In the above general formula (I), OR' represents a hydro-
lyzable group. The hydrolyzable group is a group which is
hydrolyzed with water in the binder type sealing agent to
generate a reactive hydroxyl group. Examples of the hydro-
lyzable group include a lower alkoxy group having a carbon
number of 1 to 5, an acetoxy group, a butanoxime group, a
chloro group, and the like. Among those hydrolyzable groups,
a kind may be included solely, or two or more kinds may be
included therein. Since the hydrolyzable group particularly
has a neutralized component that liberates after the reaction,
a lower alkoxy groups having a carbon number of 1 to 5 is
preferable, and a methoxy group or ethoxy group is more
preferable. These groups have good reactivity, and a liberat-
ing solvent is a low boiling solvent, and thus easily remov-
able. In the above general formula (I), when OR' represents
an acetoxy group or chloro group, acetic acid and hydrochlo-
ric acid are liberated by hydrolysis reaction so that a process
for removing acid components after reaction, and the like,
may be performed.

Further, in the above general formula (I), Y represents a
monovalent organic group. As the monovalent organic group
represented by Y, known groups as monovalent organic
groups of a so-called silane coupling agent are exemplified.
Specifically, the known groups represent an aliphatic group,
an alicyclic group, an aromatic group, and an alicyclic aro-
matic group, having a carbon number of 1 to 1000, preferably
500 or less, more preferably 100 or less, even more preferably
50 or less, and most preferably 6 or less. These groups may
have an atom or a group of atoms of O, N, S, or the like, as a
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linking group. Among those, a methyl group is particularly
preferable for a monovalent group represented by Y, consid-
ering from an aspect of that the light resistance and the heat
resistance of a cured film of the binder type sealing agent can
be made superior.

In the above general formula (I), an organic group repre-
sented by Y may have a substituent group. The substituent
group may be, for example, an atom, such as F, Cl, Br, I, orthe
like, or an organic functional group, such as a vinyl group,
methacryloxy group, acryloxy group, styryl group, mercapto
group, epoxy group, epoxycyclohexyl group, glycidoxy
group, amino group, cyano group, nitro group, sulfonate
group, carboxy group, hydroxy group, acyl group, alkoxy
group, imino group, phenyl group, or the like.

In the above general formula (1), m represents integer from
1 to 4. It is a one-functional silane compound when m=1.
Similarly, it is a bifunctional silane compound when m=2, it
is a trifunctional silane compound when m=3, and it is a
tetrafunctional silane compound when m=4. It is necessary
that the polysiloxane contained in the sealing agent of the
invention contains at least a polymer of a trifunctional silane
compound and a tetrafunctional silane compound.

The trifunctional silane compound contains, a compound
represented by a following formula (I11):

Si(ORY);CH, (ID)

where, R! represents each independently an alkyl group or
phenyl group, and preferably an alkyl group or a phenyl group
having a carbon number of 1 to 5. In the above formula, CH,
corresponds to Y, in the formula (I) (Y, ; in a case m=3).
Further, this trifunctional silane compound corresponds to the
above-mentioned T” compound.

Specific examples of the above trifunctional silane com-
pound include methyltrimethoxysilane, methyltriethoxysi-
lane, methyltripropoxysilane, methyltripentyloxysilane, eth-
ylmonomethoxydiethoxysilane, ethyl
monomethoxydipropoxysilane, ethylmonomethoxydipenty-
loxysilane, ethylmonomethoxydiphenyloxysilane, methyl-
methoxyethoxypropoxysilane, methylmonomethoxymono-
ethoxymonobutoxysilane, and the like. Among those,
methyltrimethoxysilane, and methyltriethoxysilane are pref-
erable, and methyltrimethoxysilane is more preferable.

Among examples of the tetrafunctional silane compound,
compounds represented by a following formula (III) are con-
tained.

Si(OR?), (IID)

where, R? represents each independently an alkyl group or
phenyl group, and preferably an alkyl group or a phenyl group
having a carbon number of 1 to 5. This tetrafunctional silane
compound corresponds to the above-mentioned Q" com-
pound. Like the above formula (III), it represents that
Y.,.=Y, dose not include a monovalent organic group in the
formula (I).

Specific examples of the tetrafunctional silane compound
include tetraalkoxysilane, such as tetramethoxysilane, tetra-
ethoxysilane, tetrapropoxysilane, tetrabutoxysilane, tetrap-
entyloxysilane, tetraphenyloxysilane, trimethoxymonoet-
hoxysilane, dimethoxydiethoxysilane,
triethoxymonomethoxysilane, trimethoxymonopropoxysi-
lane, monomethoxytributoxysilane, monomethoxytripenty-
loxysilane, monomethoxytriphenyloxysilane, dimethoxy-
dipropoxysilane, tripropoxymonomethoxysilane,
trimethoxymonobutoxysilane, dimethoxydibutoxysilane, tri-
ethoxymonopropoxysilane, diethoxydipropoxysilane, tribu-
toxymonopropoxysilane, dimethoxymonoethoxymonobu-
toxysilane, diethoxymonomethoxymono-butoxysilane,
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diethoxymonopropoxymonobutoxysilane, dipropoxy-
monomethoxymonoethoxysilane, dipropoxymonomethoxy-
monobutoxysilane, dipropoxymonoethoxymonobu-
toxysilane, dibutoxymonomethoxymonoethoxysilane,
dibutoxymonoethoxymonopropoxysilane, and
monomethoxymonoethoxymonopro-

poxymonobutoxysilane. Among those, tetramethoxysilane
and tetraethoxysilane are preferable.

In the solid Si-NMR spectrum, the sealing agent for the
light emitting element according to the invention has the Q”
peak group having the half width of 5 ppm or more and 12
ppm or less, and the T” peak group having the half width of 5
ppm or more and 12 ppm or less. The Q" peak group is a Q”
compound, that is, a compound originating from the tet-
rafunctional silane compound, and the T” peak group is a T”
compound, that is, a compound originating from a trifunc-
tional monomethylsilane compound. Therefore, polysilox-
ane according to the embodiment polymerizes the above tri-
functional monomethylsilane compound and the
tetrafunctional silane compound so as to satisfy the above
conditions. Specifically, in the solid Si-NMR spectrum, those
compounds are polymerized so as to make the molar ratio of
silicon corresponding to the ” compound to the total silicon
is be 25% or more and 60& or less, and the molar ratio of
silicon corresponding to the T” compound is be 25% or more
and 60& or less. In addition, in this case, itis desirable that the
molar ratio of silicon corresponding to the D” compound is
less than 30%.

In the case that the molar ratio of silicon corresponding to
the Q" compound is smaller than the above range, when
forming a wavelength conversion portion with the sealing
agent for the light emitting element according to the inven-
tion, a covalent bond between the sealing agent for the light
emitting element and the light emitting device (for example,
ametal reflecting plate and package), which is the object to be
coated therewith, is insufficient, thus that adhesiveness resis-
tant to the thermal (hot-cold) shock is not exhibited. Further,
the crosslinking density becomes low, and it is not possible to
suppress the deterioration of the metal reflection layer caused
by a transmission of corrosive gas, or the like. Furthermore,
when the molar ratio is larger than above range, the crosslink-
ing density becomes too high to suppress the generation of the
cracks.

In the case that the molar ratio of silicon corresponding to
the T” compound is smaller than the above range, the flex-
ibility of the sealing agent for the light emitting element
according to the invention becomes insufficient, thereby mak-
ing difficult to suppress an occurrence of cracks. Further,
when the ratio exceeds the above range, the covalent bond
between the sealing agent for the light emitting element and
the light emitting device, which is the object to be coated
therewith, is insufficient, thus that the adhesiveness resistant
to the thermal (hot-cold) shock is not exhibited. It is consid-
ered that since the T” compound is a trifunctional compound
and, it is possible to form a covalent bond between each part
of' the light emitting device (for example, the metallic reflect-
ing plate and package) to some extent; however, the covalent
bond has no sufficient bounding property as good as that of
the tetrafunctional Q” compound.

Further, in the case that the molar ratio of silicon corre-
sponding to the D" compound is 30% or more, the crack
resistance caused by the flexibility is improved; however, the
covalent bond between the sealing agent for the light emitting
element and the light emitting device (for example, the metal
reflecting plate and package), which is the object to be coated
therewith, is insufficient, thus that the adhesiveness resistant
to the thermal (hot-cold) shock is not exhibited. Since the D”
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compound is a bifunctional compound, the adhesiveness
thereof is lower than that of the T” compound. Further, the
crosslinking density derived from the presence of D” com-
pound becomes lower; it becomes impossible to suppress the
deterioration of the metal reflecting layer caused by a trans-
mission of corrosive gas, or the like. Furthermore, the D"
compound has more functional groups of organic origin that
change color with heat, thus leading to decrease in the heat
resistance.

The sealing material for the light emitting element accord-
ing to the invention includes at least both of the Q” compound
and the T” compound within the described range. By using
such a composition, it is possible to obtain a sealing material
for a light emitting element having excellent adhesion, crack
resistance, and gas barrier properties.

The silanol content ratio of the sealing agent for the light
emitting element material according to the invention is nor-
mally 11% or more and 30% or less, and preferably 20% or
more and 25% or less. Silanol content ratio adjustment of the
sealing agent material for the light emitting device within the
same range is achieved by mixing the tetrafunctional silane
compounds and the trifunctional silane compounds at a pre-
determined ratio, as a monomer, to polymerize. At this time,
bifunctional silane compounds may also be mixed therein as
long as the silanol content ratio of the sealing material for the
light emitting device falls within the range of 11% or more
and 30% or less.

Further, the silicon content ratio of the sealing material
used for the light emitting layer is preferably 20% by weight
or more. A silicone-based sealing agent for the light emitting
element formed with a skeleton bonded by a siloxane bond
three dimensionally with a high degree of crosslinking is
close to minerals, such as glasses or rocks, which are different
from conventional sealing materials for the resin-based semi-
conductor light emitting devices, such as a epoxy resin.
Therefore, it is understandable that the sealing material of the
invention can be a protective coating film which is rich in the
heat resistance and light resistance. Since the silicone-based
sealing agent for the light emitting element, particularly the
one having a methyl group as a substituent, has no absorption
in the ultraviolet region, photolysis is unlikely to occur so that
the sealing agent is excellent in the light resistance.

The silicon content ratio of the sealing agent for the light
emitting element according to the invention is 20% by weight
or more as described above; however, 25% by weight or more
is particularly preferable, and 30% by weight or more is more
preferable. On the other hand, since the content ratio of sili-
con of a glass consisting only of SiO, is 47% by weight, an
upper limit of the range is normally 47% by weight or less.

The silicon content ratio of the sealing material for the light
emitting element according to the invention can be controlled
by selecting an organic monovalent group represented by Y in
the descried general formula (I). 20% by weight or more of
the silicon content ratio of the sealing agent for the semicon-
ductor light emitting device of the invention can be achieved
when that a number of carbons of the monovalent organic
group represented by Y is 6 or less. In particular, in view of
that the light resistance and heat resistance of the cured film of
the binder type sealing agent can be improved, a monovalent
group represented by Y is preferably a methyl group among
others.

The silicon content ratio of the sealing material for the light
emitting element may be determined, for example, based on a
result of inductively Coupled Plasma spectrometry (herein-
after, appropriately shorten to “ICP”) analysis.

Further, the silanol content ratio of a semiconductor light
emitting device member is determined by that, for example,
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the solid Si-NMR spectrum measurement is performed, a
ratio (%) of silicon atoms, which are silanol in the total silicon
atoms, is determined by the ratio of the peak area derived
from the silanol to the total peak area, and the determined
ratio is then compared with the content ratio of the silicon
separately analyzed.

As long as the above-mentioned conditions are satisfied,
the polymerization ratio of the trifunctional monomethylsi-
lane compounds and the tetrafunctional silane compounds is
not particularly limited. In the case that the molar ratio of the
tetrafunctional silane compounds is excessive, the crosslink-
ing degree of polysiloxane is increased when the cured film is
generated. Accordingly, shrinkage of the cured film is
increased so that it became easier for cracks to be generated.
Further, in the case that the molar ratio of functional monom-
ethylsilane compounds is excessive, the amount of methyl
groups (organic groups) originating from the trifunctional
monomethylsilane is increased in the cured film. Thus, the
liquid repellency is likely to occur when the binder type
sealing agent is being applied. Further, the sulfide gas resis-
tance tends to be decreased as the crosslinking degree of
polysiloxane is decreased. The polymerization ratio may be
determined in consideration of these features.

The mass average molecular weight of polysiloxane is
1000 to 3000, preferably 1200 to 2700, and more preferably
1500 to 2000. When the mass average molecular weight is
less than 1000, the viscosity is low, and liquid repellency, or
the like, tend to be generated. On the other hand, when the
mass average molecular weight is more than 3000, the vis-
cosity is increased, and a uniform film may be difficult to be
formed. Further, embedding properties of the light emitting
element may be insufficient. A mass average molecular
weight is a value (based on polystyrene) measured by gel
permeation chromatography.

Polysiloxane Preparing Method

Polysiloxane is prepared by hydrolyzing the above trifunc-
tional monomethylsilane compounds and tetrafunctional
silane compounds in the presence of an acid catalyst, water,
an organic solvent, and performing a condensation reaction.
The mass average molecular weight of the obtained polysi-
loxane can be adjusted with reaction conditions (particularly,
reaction time), and the like.

In this case, the trifunctional monomethylsilane com-
pounds and tetrafunctional silane compounds may be pre-
mixed at the above molar ratio, and polymerized at random.
Those compounds may also be block-polymerized, that is, the
trifunctional monomethylsilane compounds are polymerized
solely to some extent, and the tetrafunctional silane com-
pounds are then polymerized solely to the polymer obtained,
and the like.

The acid catalyst to be added when the trifunctional
monomethylsilane compounds and the tetrafunctional silane
compounds are polymerized may be a compound which
hydrolyzes a silane compound in the presence of water, and
may be either one of organic acids and inorganic acids.

Examples of the inorganic acid include a sulfuric acid,
phosphoric acid, nitric acid, hydrochloric acid, and the like,
and among those, a phosphoric acid, and nitric acid are pref-
erable. Further, examples of the organic acid include a formic
acid, oxalic acid, fumaric acid, maleic acid, glacial acetic
acid, acetic anhydride, propionic acid, carboxylic acid resi-
due, such as n-butyric acid, and a compound having a sulfur-
containing acid residue, such as an organic sulphonic acid,
and the like. Specific examples of the organic acid include an
organic sulphonic acid, an ester compound thereof (organic
sulphuric ester, organic sulfurous ester), and the like.
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Among those acid catalysts, an organic sulfonic acid rep-
resented by the following general formula (IV) is particularly
preferred.

R3>—SO;H (V)

(where, R? is a hydrocarbon group which may have a sub-
stituent group)

The hydrocarbon group represented by R in the above
formula (IV) may be a linear, branched, or cyclic hydrocarbon
group having a carbon number of 1 to 20. The hydrocarbon
may be a saturated hydrocarbon, or may be an unsaturated
hydrocarbon. The hydrocarbon may also have, for example,
halogen atom, such as fluorine atom, or the like, or a substitu-
ent group, such as a sulfonate group, carboxyl group,
hydroxyl group, amino group, a cyano group, or the like.

Examples of the cyclic hydrocarbon group represented by
R? in the above general formula (IV) include a phenyl group,
naphthyl group or anthryl hydrocarbon group, such as an
aromatic group, or the like, and particularly preferable a
phenyl group. The aromatic hydrocarbon group may have a
linear, branched, or cyclic saturated or unsaturated hydrocar-
bon group having a carbon number of'1 to 20, as a substituent
group.

The organic sulfonic acid represented in the above general
formula (IV) is preferably nonafluorobutanesulfonic acid,
methanesulfonic acid, trifluoromethane sulfonic acid, dode-
cylbenzenesulfonic acid, or a mixture thereof.

The amount of the acid catalyst to be mixed when the
polysiloxane is prepared is preferably an amount in which the
acid catalyst concentration in the system to perform the
hydrolysis reaction of the silane compound is 1 to 1000 ppm,
and more preferably in a range of 5 to 800 ppm.

Further, depending on the amount of water to be mixed
when the polysiloxane is prepared, film quality and storage
stability of the polysiloxane are changed. Thus, a water addi-
tion rate is adjusted according to the film quality, and the like,
of interest. Here, the water addition rate is a ratio (%) of the
number of moles of water molecules to be added to the num-
ber of moles of the alkoxy groups of the silane compound
added to the reaction system for preparing the polysiloxane
described above.

The above water addition rate is preferably 50to 200%, and
more preferably 75 to 180%. The film quality of the cured film
of the binder type sealing agent is stabilized by making the
water addition rate be 50% or more. Further, the storage
stability of the binder type sealing agent is improved by
making the ratio be 200% or less.

Examples of solvents for the polysiloxane preparation
include, monohydric alcohols, such as methanol, ethanol,
propanol, n-butanol, and the like; alkyl carboxylate, such as
methyl-3-methoxy propionate, ethyl-3-ethoxy propionate,
and the like; polyhydric alcohols, such as ethylene glycol,
diethylene glycol, propylene glycol, glycerol, trimethylol-
propane, hexane triol, and the like; monoethers of polyhydric
alcohols, such as ethylene glycol monomethyl ether, ethylene
glycol monoethyl ether, ethylene glycol monopropyl ether,
ethylene glycol monobutyl ether, diethylene glycol monom-
ethyl ether, diethylene glycol monoethyl ether; diethylene
glycol monopropyl ether, diethylene glycol monobutyl ether,
propylene glycol monomethyl ether, propylene glycol mono-
ethyl ether, propylene glycol monopropyl ether, propylene
glycol monobutyl ether, or monoacetates thereof; esters, such
as methyl acetate, ethyl acetate, butyl acetate, and the like;
ketones, such as acetone, methyl ethyl ketone, methyl
isoamyl ketone, and the like; polyhydric alcohol ethers in
which all of the hydroxyl groups of the polyhydric alcohol is
alkyletherized such as ethylene glycol dimethyl ether, ethyl-
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ene glycol diethyl ether, ethylene glycol dipropyl ether, eth-
ylene glycol dibutyl ether, propylene glycol dimethyl ether,
propylene glycol diethyl ether, diethylene glycol dimethyl
ether, diethylene glycol diethyl ether, diethylene glycol
methyl ethyl ether, and the like; and the like. These may be
added solely, or in combination of two or more thereof.
(Organic Metal Compounds)

The binder-type sealing agent may include an organic
metal compound of a metal alkoxide containing a group 4 or
group 13 metal element or a metal chelate. As described
above, a metal in the organic metal compound forms polysi-
loxane, a hydroxyl group of each member of a light emitting
element, and metalloxane bonds. Further, in the cured film of
the binder type sealing agent, a portion of the organic metal
compound forms nano-sized clusters consisting of siloxane
bonds.

The organic metal compound is preferably a compound
represented by the following general formula (V).

M7 4X, Y ™

where, M represents a group 4 or group 13 metal element,

m represents a valence of M, and which is 3 or 4, and

n represents a number of X groups, and which is an integer
of 2 or more and 4 or less wherein m=n.

The metal element represented by M in the general formula
(V) is preferably aluminum, zirconium or titanium, and par-
ticularly preferably zirconium. A metal chelate or metal
alkoxide of zirconium has no absorption wavelength (blue
light (wavelength of 420 nm to 485 nm) in particular) in an
emission wavelength region of the light emitting element in
general. Therefore, the cured film containing the zirconium-
based metal element transmits the light emitted from the light
emitting element without absorbing the light, and light
extraction efficiency of the film is therefore improved.

Further, in the general formula (V), X represents a hydro-
lyzable group. The hydrolyzable group is a group which is
hydrolyzed with water in the binder type sealing agent to
generate a hydroxyl group having a good reactivity. Examples
of the hydrolyzable group include a lower alkoxy group,
acetoxy group, butanoxime group, chloro group, and the like,
having a carbon number of 1 to 5. Among those hydrolyzable
groups, a kind may be included solely, or a combination of
two or more kinds may be contained. Since the hydrolyzable
groups particularly have a neutralized component that liber-
ate after the reaction, a lower alkoxy group having a carbon
number of 1 to 5 is preferable, and a methoxy group or ethoxy
group is more preferable. These groups have a good reactiv-
ity, and a liberating solvent is a low boiling solvent, and thus
easily removable. In the above general formula (V), when X
represents an acetoxy group or chloro group, acetic acid and
hydrochloric acid are liberated by hydrolysis reaction so that
a process to remove acid components after reaction may be
performed.

Further, in the above general formula (V), Y represents a
monovalent organic group. As the monovalent organic group
represented by Y, known groups as monovalent organic
groups of a so-called silane coupling agent are exemplified.
Specifically, the known groups represent an aliphatic group,
an alicyclic group, an aromatic group, and an alicyclic aro-
matic group, having a carbon number of 1 to 1000, preferably
500 or less, more preferably 100 or less, even more preferably
50 or less, and particularly preferably 6 or less. These groups
may have an atom or a group of atoms of O, N, S, or the like,
as a linking group. Among those, a methyl group is particu-
larly preferable for a monovalent group represented by Y,
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considering from an aspect of that the light resistance and heat
resistance of the cured film of the binder type sealing agent
can be made superior.

The organic group represented by Y in the general formula
(V) may have a substituent group. The substituent group may
be, for example, an atom, such as F, Cl, Br, 1, or the like, or an
organic functional group, such as a vinyl group, methacry-
loxy group, acryloxy group, styryl group, mercapto group,
epoxy group, epoxycyclohexyl group, glycidoxy group,
amino group, cyano group, nitro group, sulfonate group, car-
boxy group, hydroxy group, acyl group, alkoxy group, imino
group, phenyl group, or the like.

Specific examples of the organic metal compound repre-
sented by the above general formula (V) include the follow-
ing compounds. Examples of metal chelate or metal alkoxide
containing aluminum elements include aluminum tri-isopro-
poxide, aluminum tri-n-butoxide, aluminum tri-t-butoxide,
aluminum triethoxide, and the like.

Examples of metal chelate or metal alkoxide containing
zirconium elements include zirconium tetramethoxide, zirco-
nium tetra-ethoxide, zirconium tetra-n-propoxide, zirconium
tetra-i-propoxide, zirconium tetra-n-butoxide, zirconium
tetra-i-butoxide, zirconium tetra t-butoxide, zirconium
dimethacrylate dibutoxide, dibutoxy zirconium bis (ethyl
acetoacetate), and the like.

Examples of metal chelate or metal alkoxide containing
titanium elements include titanium tetraisopropoxide, tita-
nium tetra-n-butoxide, titanium tetra-i-butoxide, titanium
methacrylate triisopropoxide, titanium tetra methoxypro-
poxide, titanium tetra-n-propoxide, titanium tetra-ethoxide,
titanium lactate, titanium bis (ethylhexoxy) bis(2-ethyl-3-
hydroxyhexoxide), titanium acetylacetonate, and the like.

However, compounds exemplified above are some of the
organic metal compounds which are easily available in the
market, and the coupling agents mentioned in Chapter 9 of
“Optimal application technology of coupling agent” pub-
lished by Science and Technology Research Institute as well
as the compounds listed in the relevant product lists may also
be applied to the invention as the above-mentioned organic
metal compounds.

It is preferable that 5 to 100 parts by mass of the above
organic metal compound is added, more preferable that 8 to
40 parts by mass is added, and more preferable that 10 to 15
parts by mass is added, based on 100 parts by mass of the
above-mentioned polysiloxane. In the case that the adding
amount is less than 5 parts by mass, an addition effect of the
organic metal compound is not obtained. On the other hand,
in the case that the adding amount is more than 100 parts by
mass, the storage stability of the binder type sealing agent is
decreased.

(Solvent)

The binder type sealing agent includes a solvent. The sol-
vent may be an aqueous solvent combining water with an
organic solvent having an excellent compatibility with water,
or a non-aqueous solvent which is an organic solvent having
a low compatibility with water, and contains no water.
Examples of the organic solvent having the excellent com-
patibility with water include alcohols, such as methanol, etha-
nol, propanol, butanol, or the like.

The binder type sealing agent of the invention preferably
contains an aqueous solvent, that is, water in particular. The
amount of water contained in the binder type sealing agent is
preferably 10 to 120 parts by mass, more preferably 80 to 100
parts by mass, based on 100 parts by mass of the above-
mentioned polysiloxane. When 10 parts by mass or more of
water is contained based on 100 parts by mass of the above-
mentioned polysiloxane, the polysiloxane can be sufficiently
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hydrolyzed so that the wet heat resistance, and the like, of the
cured film become sufficient. On the other hand, when more
than 120 parts by mass of water is contained based on 100
parts by mass of the above-mentioned polysiloxane, the
hydrolysis reaction, or the like, may occur during storage of
binder type sealing agent.

The solvent ofthe binder type sealing agent also preferably
contains an organic solvent having a boiling point of 150° C.
ormore, such as ethylene glycol, propylene glycol, orthe like.
When an organic solvent having a boiling point of 150° C. or
more is contained, the storage stability of the binder type
sealing agent is improved. Also, when the organic solvent
having a boiling point of 150° C. or more is contained, the
solvent can be easily discharged from the discharge opening
of'a discharge device during the application of the binder type
sealing agent. On the other hand, the boiling point of the
solvent is preferably 250° C. or less. By using such the sol-
vent, good drying properties of the binder type sealing agent
can be obtained.

(Inorganic Fine Particles)

Inorganic fine particles may be contained in the binder type
sealing agent. A thickening effect of the binder type sealing
agent can be obtained by containing the inorganic fine par-
ticles. Further, the strength of the cured film of the binder type
sealing agent is improved. Furthermore, by containing the
inorganic fine particles each having a high refractive index,
the light extraction efficiency of the cured film of the binder
type sealing agent is enhanced.

Examples of the inorganic fine particles include zirconium
oxide, silicon oxide, titanium oxide, oxide fine particles (that
is, inorganic oxide fine particles), such as zinc oxide, and the
like, and fluoride fine particles, such as magnesium fluoride,
and the like.

The average particle diameter of the inorganic fine par-
ticles is preferably 1 nm or more and 50 um or less, consid-
ering the each effect described above. The average particle
diameter of the inorganic fine particles is, for example, mea-
sured by Coulter counter method.

Further, the inorganic fine particles are preferably porous,
and the specific surface area thereof are preferably 200 m*/g
or more. When the inorganic fine particles are porous, a
solvent enters voids of the porous so that the viscosity of the
binder type sealing agent is effectively increased. However,
the viscosity of the binder type sealing agent is not simply
determined by the amount of porous inorganic fine particles
but varies according to a ratio of the inorganic fine particles
and the solvent, the amount of other components, and the like.

The amount of inorganic fine particles in the binder type
sealing agent is such that the amount of the inorganic fine
particles in a cured product of the binder type sealing agent is
preferably 0.5% by mass or more and 50% by mass or less,
and more preferably 1 to 40% by mass. When the amount of
the inorganic fine particles is less than 0.5% by mass, the
above-mentioned thickening effect and strength improving
effects of the cured film can not be obtained. Further, when
the amount is more than 50% by mass, the strength of the
cured film of the binder type sealing agent is decreased.

The surface of the inorganic fine particles may be treated
with a silane coupling agent, or a titanium coupling agent.
The compatibility of the inorganic fine particles with polysi-
loxane and a solvent is increased by performing the surface
treatment.

(Physical Properties of Binder Type Sealing Agent)

The pH of the binder type sealing agent is preferably 1 to 4.
When the pH is less than 1 or more than 4, a precipitate
resulted from a reaction of polysiloxane or organic metal
compounds may be generated during storage. In order to
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adjust the pH value of the binder type sealing agent, for
example, nitric acid, pH regulators, or the like, may be added,
as needed.

The viscosity of the binder type sealing agent is preferably
10 to 1000 cP, more preferably 12 to 800 cP, even more
preferably 20 to 600 cP. When the viscosity of the binder type
sealing agent is too low, during the application of the binder
type sealing agent, the binder type sealing agent flows away
and the application of a sealing layer in the region of interest
can not be achieved. Further, when the viscosity of the binder
type sealing agent is too high, it is possible that the applica-
tion of the binder type sealing agent becomes difficult, and
further, embedding properties of the light emitting element
become insufficient. The viscosity can be adjusted by the
amount of the above-mentioned inorganic fine particles, or
the like.

(Preparation Method of the Binder Type Sealing Agent)

The binder type sealing agent is prepared by mixing pol-
ysiloxane, organic metallic compounds, and optionally, inor-
ganic fine particles, and the like, in a solvent. Stirring of the
mixture can be carried out with an arbitrary method, such as,
for example, an agitation mill, a kneading blade stirring
device, a thin-film revolution type stirring machine, or the
like.

(Use of Binder Type Sealing Agent)

The binder type sealing agent is used, for example, for
forming a sealing layer 7 for an LED device 100, illustrated in
the schematic cross-sectional diagram of FIG. 2C. The LED
device 100 in the above configuration includes, on the sealing
layer 7, a phosphor-containing resin layer 8 for converting the
wavelength of the light emitted from a LED chip 3. In the
LED device 100, the sealing layer 7 carries a function for
sealing package 1, metal parts 2, the LED chip 3, and the like,
of'the light emitting element. The sealing layer 7 is formed by
applying the binder type sealing agent so as to cover the
package 1, the metal parts 2, the LED chip 3, and the like, of
the light emitting element, and then drying and curing the
agent.

The binder type sealing agent is also used, for example, for
forming a sealing layer 6 ofthe LED device 100, illustrated in
the schematic cross-sectional diagram of FIG. 2A. In the LED
device, the sealing layer 6 carries not only the sealing function
of'the LED chip 3, the metal parts 2, and the like, but also a
wavelength conversion function for converting the wave-
length of the light emitted from the LED chip 3.

The sealing layer 6 in the LED device 100 can be formed by
arranging phosphor particles on the package 1, the metal parts
2,and a glass substrate 5 to protect the LED chip 3 in advance,
applying the binder type sealing agent on the phosphor par-
ticles, and then drying and curing the agent. That is, the
sealing layer 6 containing phosphor-containing particles in
the layer is formed with the above forming method.

b. Phosphor (Flourscent Material)-Containing Sealing Agent

In the phosphor-containing sealing agent, polysiloxane,
organic metal compounds, a solvent, and phosphor particles
are contained, and tabular grains, inorganic particles, and the
like, are contained, as needed.

(Polysiloxane)

The polysiloxane contained in the phosphor-containing
sealing agent may be the same as the polysiloxane contained
in the above binder type sealing agent. The amount of the
polysiloxane contained in the phosphor-containing sealing
agent is such that the amount of the polysiloxane in the cured
product of the phosphor-containing sealing agent is prefer-
ably 3% by mass or more and 35% by mass or less, and more
preferably 10% by mass or more and 30% by mass or less.
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Since the polysiloxane acts as a binder in the cured product
of'the phosphor-containing sealing agent, when the amount of
binder is less than 3% by mass, a cured film having a sufficient
film strength is not obtained. On the other hand, when the
amount of polysiloxane is more than 35% by mass, the con-
tents of the phosphor particles, the tabular grains, and the like,
are relatively reduced so that the viscosity of the phosphor-
containing sealing agent tends to be decreased.

(Organic Metal Compounds)

Organic metal compounds contained in the phosphor-con-
taining sealing agent may be the same as the organic metal
compounds contained in the above binder type sealing agent.
Further, the amount of the organic metal compounds to the
amount of the polysiloxane may also be the same as that of the
binder type sealing agent.

(Solvent)

The solvent contained in the phosphor-containing sealing
agent may be either one of an aqueous solvent combining
water with an organic solvent having excellent compatibility
with water, and a non-aqueous solvent which is an organic
solvent having a low compatibility with water, and contains
no water. However, when degradation of the phosphor par-
ticles contained in the phosphor-containing sealing agent is
easily deteriorated by water, a non-aqueous solvent is prefer-
ably used.

On the other hand, when the degradation (deterioration) of
the phosphor particles contained in the phosphor-containing
sealing agent by water is small, the aqueous solvent is pref-
erable as described above. Hydrolysis of the polysiloxane is
promoted by containing water. Further, it is possible for the
tabular grains, fluoride particles, and the like, to be swollen,
the viscosity of the phosphor-containing sealing agent is
increased. There is a possibility that swelling of the tabular
grains, and the like, is inhibited when impurities are contained
in water. Therefore, the water contained in the phosphor-
containing sealing agent is desirably free of impurities.
(Phosphor Particles)

Phosphor particles may be particles which are excited by
the wavelength (exciting wavelength) of the light emitted
from the light emitting element (LED chip), and emit fluo-
rescent light having a wavelength different from the exciting
wavelength. For example, when the blue light is emitted from
the LED chip, since the phosphor particles emitting yellow
fluorescence are contained therein, a white LED element is
obtained. Examples ofthe phosphor particles that emit yellow
fluorescence include YAG (yttrium aluminum garnet) phos-
phor. The YAG phosphor can convert blue light emitted from
the blue LED element (wavelength 420 nm to 485 nm) into
yellow light (wavelength of 550 nm to 650 nm).

The phosphor particles can be produced by, for example, 1)
mixing an appropriate amount of fluoride, such as ammonium
fluoride, or the like, as a flux, with a mixed raw material
having a predetermined composition, and pressing the mix-
ture to form a molded body, and 2) placing the resulting body
to a crucible to bake at a temperature range of 1350 to
1450° C. in air for 2 to 5 hours to obtain a sintered body.

The mixed raw material having a predetermined composi-
tion may be obtained by sufficiently mixing, oxides of'Y, Gd,
Ce, Sm, Al, La, and Ga with the compounds to be the oxides
easily at a high temperature, in a stoichiometric ratio. Alter-
natively, the mixed raw material having a predetermined
composition may obtain a solvent in which the rare earth
elements of Y, Gd, Ce, and Sm are dissolved in an acid in a
stoichiometric ratio by mixing a co-precipitated oxide
obtained by co-precipitating with oxalic acid, aluminum
oxide, and gallium oxide.
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The type of the phosphor is not limited to the YAG phos-
phor, and can be a non-garnet phosphor containing no Ce, or
the like, or other phosphor, for example.

The average particle diameter of the phosphor particles is
preferably 1 pm or more and 50 pm or less, and more prefer-
ably 10 um or less. The larger particle diameter of the phos-
phor particles is, the higher the light emitting effect (wave-
length conversion efficiency) becomes. On the other hand,
when the particle diameter of the phosphor particles is too
large, gaps generated on the interface between the phosphor
particles and polysiloxane, or the like, become large. Thus,
the strength of the cured film of the phosphor-containing
sealing layer is decreased. The average particle diameter of
the inorganic fine particles may be, for example, measured by
Coulter counter method.

The amount of the phosphor particles contained in the
phosphor-containing sealing agent is such that the amount of
phosphor particles in the cured film of the phosphor-contain-
ing sealing agent is preferably 60 to 95% by mass. Basically,
the concentration of the phosphor particles in the cured film of
the phosphor-containing sealing agent is preferably as high as
possible. When the concentration of the phosphor particles is
too high, the content ratio of the binder is reduced so that the
distribution of the phosphor particles in the cured film tends to
be uniform. Further, it is possible to arrange a required
amount of the phosphor particles in the LED device even the
cured film is thin, when the concentration of the phosphor
particles is high.

Further, when the concentration of the phosphor particles
in the cured film of the phosphor-containing sealing agent is
high, the phosphor particles are mutually in close contact so
that the strength of the cured film of the phosphor-containing
sealing agent is increased. Furthermore, when the concentra-
tion of the phosphor particles in the cured film is high, heat
generated from the phosphor particles is easily dissipated
from the cured film.

On the other hand, when the concentration of phosphor
particles in the cured film of the phosphor-containing sealing
agent is too high (greater than 95% by mass), the content ratio
of the binder may be severely degraded, and the phosphor
particles may not be bounded to each other.

The concentration of the phosphor particles in the cured
film can be obtained from the phosphor particles amount to be
added to the phosphor-containing sealing agent.

(Tabular Grains)

The phosphor-containing sealing agent may contain the
phosphor particles along with tabular grains. When the tabu-
lar grains are contained in the phosphor-containing sealing
agent, the viscosity of the phosphor-containing sealing agent
is increased, and sedimentation of the phosphor particles in
the sealing agent is suppressed. The tabular grains are present
as a card-house structure in the phosphor-containing sealing
agent, and the viscosity of the sealing agent is significantly
increased with a small amount.

Typical examples of the tabular grains contained in the
phosphor-containing sealing agent include layered clay min-
eral fine particles. The main component of the layered clay
mineral fine particles is a layered silicate mineral, a swelling
clay mineral having a structure, such as a mica structure,
kaolinite structure, smectite structure, and the like, is prefer-
able, and a swelling clay mineral having a smectite structure
rich in swelling is more preferable. In order to exhibit tabular-
shape, the layered clay mineral fine particles can improve the
film strength of the layer constituting the phosphor-contain-
ing sealing.

The content of the tabular grains is such that the amount of
the tabular grains in the cured film of the phosphor-containing
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sealing agent is preferably 0.5% by mass or more and 20% by
mass or less, and more preferably 0.5% by mass or more and
10% by mass or less. When the content of the tabular grains in
the cured film is less than 0.5% by mass, the addition effect of
the tabular grains can not be sufficiently obtained. On the
other hand, when the content of the layered silicate mineral is
more than 20% by mass, the strength of the phosphor-con-
taining sealing agent is decreased.

In the tabular particles, considering the compatibility with
the solvent, the surface of the layered clay mineral fine par-
ticles may be modified (surface treated) with ammonium salt,
or the like.

(Inorganic Particles)

The phosphor-containing sealing agent may contain inor-
ganic fine particles. Since the inorganic fine particles are
contained, the inorganic fine particles enter the gaps between
the phosphor to increase the strength of the cured film of the
phosphor-containing sealing agent. Further, when the inor-
ganic fine particles are porous, a solvent enters porous void
portions, and thus, the viscosity of the phosphor-containing
sealing agent is increased effectively. A specific surface area
of the inorganic fine particles is preferably 200 m*/g or more.

Examples of the inorganic fine particles include zirconium
oxide, silicon oxide, titanium oxide, oxide fine particles, such
as zinc oxide, or the like, and fluoride fine particles, such as
magnesium fluoride, or the like.

The average particle diameter of the inorganic fine par-
ticles contained in the phosphor-containing sealing agent is
preferably 1 nm or more and 50 pm or less, more preferably 1
nm or more and 10 um or less, and further more preferably 1
to 100 nm, considering the each effect described above. The
average particle diameter of the inorganic fine particles is, for
example, measured by Coulter counter method.

The amount of inorganic fine particles contained in the
phosphor-containing sealing agent is such that the amount of
the inorganic fine particles in the cured product of the phos-
phor-containing sealing agent is preferably 0.5% by mass or
more and 50% by mass or less, and more preferably 1 to 40%
by mass. When the amount of the inorganic fine particles is
less than 0.5% by mass, gaps between the phosphor particles
can not be filled with the inorganic fine particles so that the
thickening effect and the film strength improving effects
described above can not be obtained. Further, when the
amount of the inorganic fine particles is less than 0.5% by
weight, phosphor particle components are relatively
increased so that handling performance during the applica-
tion of the phosphor-containing sealing agent is reduced.
Therefore, forming a layer having uniform chromaticity
becomes difficult. On the other hand, when the amount of the
inorganic fine particles is more than 50% by mass, the inor-
ganic fine particles scatter the exciting light of the light emit-
ting element excessively, and thus reducing the light extrac-
tion efficiency of the light emitting device.

The surface of the inorganic fine particles may be treated
with a silane coupling agent or a titanium coupling agent. The
compatible of the inorganic fine particles with polysiloxane
or a solvent is increased by the surface treatment.

(Cyclic Ether Compound)

The sealing agent for the light emitting device may contain
a cyclic ether compound. Rings of the cyclic ether compound
can capture metal ions, and the like. Therefore, it is possible
to capture the metal ions flowing out from the metal reflecting
plate, or the like, of the light emitting device under a wet heat
environment, and to prevent corrosion caused by migration of
the metal.
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The cyclic ether compound contained in the sealing agent
for the light emitting device can be a cyclic compound rep-
resented by a formula (V).

(—CH,—CH,—Z—),, (VD

In the general formula (V]), it is collectively called crown
ether when Z is oxygen “O”, azacrown ether when Z is a
nitrogen compound “N—R”, and thiacrown ethers when Z is
sulfur “S”. Here, n represents an integer of 1 or more. Further,
R represents hydrogen “H” or an alkylene group having a
carbon number of 1 to 1000.

Further, the cyclic ether compound may contain, as repre-
sented by a formula (VII), a benzene ring, or the like.

[Chamical 2]

(VID)

[
o

As specific examples of the cyclic ether compound,
12-crown-4, 15-crown-5, 18-crown-6, 21-crown-7, dibenzo-
18-crown-6, diaza-18-crown-6, and the like, are exemplified.

Further, the ring is preferably from a 15-membered ring to
a 21-membered ring, and more preferably a 18-membered
ring.

The content of the cyclic ether compound is preferably 0.1
to 5.0% by mass, more preferably 0.5 to 3.0% by mass, and
further more preferably 1.0 to 2.0% by mass, based on the
total solid content of the sealing agent for the light emitting
device. When the cyclic ether compound is contained more
than 1.0% by mass, the wet heat resistance of the cured film of
the sealing agent for the light emitting device tend to be
increased.

(Silane Coupling Agent)

The sealing agent for the light emitting device may contain
a silane coupling agent. Hydroxyl groups exhibited by hydro-
lyzing a silane coupling agent perform dehydration conden-
sation reaction with the hydroxyl groups present on the sur-
face of the light emitting element, and then form siloxane
bonds. Further, the hydroxyl groups also perform the reaction
with polysiloxane (first polysiloxane and second polysilox-
ane) to form siloxane bonds. Thus, when the silane coupling
agent is contained in the sealing agent for the light emitting
device, as a result of adhesion between the cured product of
the sealing agent for the light emitting device and the light
emitting element being further enhanced, the wet heat resis-
tance is improved since the contact between water vapor, and
the like, and the light emitting device is inhibited.

The silane coupling agent contained in the sealing agent for
the light emitting device may be a compound represented by
the following formula (VIII).
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[Chemical 3]
S (VII)
—R—SiX,
(CHz)3—n

In the general formula (VIII), Y represents a divalent
organic group, X represents a hydrolyzable group, and R
represents an alkylene group. In addition, n represents any
integer of 1 to 3.

In the general formula (VIII), a divalent organic group
represented by Y may be an aliphatic group, an alicyclic
group, an aromatic group, or an alicyclic aromatic group,
having a carbon number of 1 to 1000, preferably 500 or less,
more preferably 100 or less, even more preferably 50 or less,
and most preferably 6 or less. These groups may have an atom
or a group of atoms of O, N, S, or the like, as a linking group.

Y in the above general formula (VIII) may have a substitu-
ent group. The substituent group may be, for example, an
atom, such as F, Cl, Br, I, or the like, or an organic functional
group including a vinyl group, methacryloxy group, acryloxy
group, styryl group, mercapto group, epoxy group, epoxycy-
clohexyl group, glycidoxy group, amino group, cyano group,
nitro group, sulfonate group, carboxy group, hydroxy group,
acyl group, alkoxy group, imino group, phenyl group, and the
like.

In the general formula (VIII), X represents a hydrolyzable
group. Examples of the hydrolyzable group include a lower
alkoxy group, acetoxy group, butanoxime group, chloro
group, and the like, having a carbon number of 1 to 5. Among
those hydrolyzable groups, a kind may be included solely, or
a combination of two or more kinds may be included. Since
the hydrolyzable groups particularly have a neutralized com-
ponent that liberate after the reaction, a lower alkoxy group
having a carbon number of 1 to 5 is preferable, and a methoxy
group or ethoxy group is more preferable.

In the general formula (VIII), an alkylene group repre-
sented by R is an aliphatic group having a carbon number of
1 to 1000, preferably 500 or less, more preferably 100 or less,
further more preferably 50 or less, and particularly preferably
6 or less, and the group may have an atom or a group of atoms
of O, N, S, or the like, as a linking group.

Specific examples of the silane coupling agent include
vinyltrichlorosilane, vinyltrimethoxysilane, vinyltriethox-
ysilane, vinyl tris(-methoxyethoxy)silane, 3-(3,4-epoxycy-
clohexyl)ethyltrimethoxysilane, y-glycidoxypropyltri-
methoxysilane, y-glycidoxypropyltriethoxysilane,
y-methacryloxypropylmethyldiethoxysilane, y-methacrylox-
ypropyltrimethoxysilane, y-methacryloxypropylmethyldi-

ethoxysilane, y-methacryloxypropyltriethoxysilane, N-f-
(aminoethyl )y-aminopropylmethyldiethoxysilane, N-p-
(aminoethyl }y-aminopropyltrimethoxysilane, N-p-

(aminoethyl)y-aminopropyltriethoxysilane,
y-aminopropyltrimethoxysilane, y-aminopropyltriethoxysi-

lane, N-phenyl-y-aminopropyl-aminopropyltrimethoxysi-
lane, y-chloropropylmethoxysilane, y-mercaptopropyltri-
methoxysilane, y-mercaptopropylmethyldiethoxysilane,

3-trihydroxysilylmethylphosphonate sodium salt, nitrilotris
(methylene)triphosphonic  acid, tris(trimethylsilyl)phos-
phate, tris(trimethylsilyl)phosphate, diethylphosphateethyl-
triethoxysilane, and the like.

The content of the silane coupling agent is preferably 0.1 to
5.0% by mass to the total solid content of the sealing agent for
the light emitting device, and more preferably 0.15t02.0% by
mass, and even more preferably 0.2 to 1.0% by mass. When
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1.0% by mass or more of the silane coupling agent is con-
tained, the wet heat resistance of the cured film of the sealing
agent for the light emitting device tends to be higher.
(Physical Properties of the Phosphor-Containing Sealing
Agent)

The pH of the phosphor-containing sealing agent is pref-
erably 1 to 4. When the pH is less than 1 or more than 4, a
precipitate resulted from a reaction of polysiloxane or organic
metal compounds may be generated during storage. In order
to adjust the pH value of the phosphor-containing sealing
agent, for example, nitric acid, pH regulators, or the like, may
be added, as needed.

The viscosity of the phosphor-containing sealing agent is
preferably 10 to 1000 cP, more preferably 12 to 800 cP, even
more preferably 20 to 600 cP. When the viscosity of the
phosphor-containing sealing agent is too low, during the
application of the phosphor-containing sealing agent, the
phosphor-containing sealing agent flows away and the appli-
cation of a sealing layer in the region of interest can not be
achieved. Further, when the viscosity of the phosphor-con-
taining sealing agent is too high, it is possible that the appli-
cation of the phosphor-containing sealing agent becomes dif-
ficult, and embedding properties of the light emitting element
become insufficient. The viscosity can be adjusted by the
amount of the above-mentioned inorganic fine particles, or
the like.

(Preparation Method of the Phosphor-Containing Sealing
Agent)

The phosphor-containing sealing agent is prepared by mix-
ing phosphor particles, polysiloxane, organic metallic com-
pounds, and optionally, inorganic fine particles, tabular
grains, and the like, in a solvent.

The mixing order of each component is not particularly
limited; however, when water is a portion of the solvent, the
following two modes are exemplified: 1) tabular grains
(which have been surface-treated to have an oleophilic prop-
erty) are pre-mixed in a dispersion solvent other than water,
and then polysiloxane, organic metal compounds, phosphor
particles, inorganic fine particles, and water are added
thereto, mixed, and stirred the mixture; and 2) tabular grains
(which have been surface-treated to have an oleophilic prop-
erty) are pre-mixed with water, and then polysiloxane,
organic metal compounds, phosphor particles, and inorganic
oxide particles are stirred with a dispersion solvent other than
water. In this way, the tabular grains are uniformly dispersed
in the phosphor-containing sealing agent so that the viscosity
can be further increased.

Stirring of the mixture can be carried out with, for example,
an agitation mill, a kneading blade stirring device, a thin-film
revolution type stirring machine, or the like. It is possible to
inhibit sedimentation of the phosphor particles in the phos-
phor dispersion by adjusting the stirring conditions.

(Use of Phosphor-Containing Sealing Agent)

The phosphor-containing sealing agent is used, for
example, for forming the sealing layer 6 of the LED device
100 illustrated in the schematic cross-sectional diagram of
FIG. 2. Inthe LED device, the sealing layer 6 carries not only
the sealing function of the LED chip 3, the metal parts 2, and
the like, but also the wavelength conversion function for
converting the wavelength of the light emitted from the LED
chip 3. The sealing layer 6 can be formed by applying the
phosphor-containing sealing agent so as to cover the package
1, the metal parts 2, the glass substrate 5 to protect the LED
chip 3, and the like, and then drying and curing the agent.

2. Light Emitting Device

The light emitting device of the invention includes a light

emitting element, and a sealing layer made from a cured film
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of the above described sealing agent for the light emitting
element. As the light emitting device, a light emitting device
having three configurations described below is considered;
however, the invention is not limited thereto.

(First Light Emitting Device)

A first light emitting device includes, for example, a light
emitting element illustrated in the schematic cross-sectional
diagram of FIG. 2A, and a sealing layer to cover the element.
The light emitting element in the first light emitting device
includes, for example, a package (LED substrate) 1, metal
parts (metal wirings) 2, a LED chip 3 arranged in the package
1, bump electrodes 4 connecting the metal parts 2 and the
LED chip 3, and glass substrate 5 covering the light emitting
surface of the LED chip 3. A mode for connecting the metal
parts 2 and the LED chip 3 via the bump electrodes 4 in this
way is called flip-chip type.

The first light emitting device (hereinafter, refers to “LED
device”) includes a sealing layer 6 to cover the light emitting
element. The sealing layer 6 of the first LED device is a
sealing layer to which the sealing material for the light emit-
ting device according to the above described invention is
applied. The sealing layer 6 has phosphor particles, and per-
forms a function as a wavelength conversion portion (herein-
after, refers to “wavelength conversion type sealing layer”)
for converting the emission wavelength from the LED chip.

One LED chip 3 is arranged in the package 1 in the LED
device 100 in FIG. 2; however, a plurality of the LED chips 3
may be arranged in the package 1.

Light Emitting Flement

The package 1 is, for example, made of a liquid crystal
polymer, or a ceramic; however the material thereof is not
particularly limited as long as the material has insulation
performance and heat resistance. Further, the shape thereof'is
not particularly limited, as long as having a flat shape, or a
shape including a concave portion.

The LED chip 3 is, for example, a blue LED. As an example
of'the blue LED configuration, there is a laminate of an n-GaN
based compound semiconductor layer (clad layer) layered on
the package (LED substrate) 1, an InGaN based compound
semiconductor layer (light emitting layer), a p-GaN based
compound semiconductor layer (clad layer), and a transpar-
ent electrode layer. The LED chip 3 has, for example, a
surface of 200 to 300 um*200 to 300 pm, and a height of 50
to 200 pm.

The metal part 2 is a wiring made from a metal, such as
silver, and sometimes functions as a reflection plate which
reflects emitting light from the LED chip 3. The metal part 2
is connected to the LED chip via the bump electrode 4.

Further, the glass substrate 5 covering the light emitting
surface of the LED chip 3 is arranged for the purpose of
protecting the LED chip. The thickness of the glass substrate
is typically 200 to 2000 pum.

The wavelength conversion type sealing layer 6 coves the
package (LED substrate) 1. the metal parts (metal wirings) 2,
the LED chip 3 arranged in the package 1, and the glass
substrate 5 covering the light emitting surface of the LED
chip 3 of the light emitting element.

Wavelength Conversion Type Sealing Layer

The thickness of the wavelength conversion type sealing
layer 6 is not particularly limited since the layer is set accord-
ing to the amount of the phosphor required by the LED
device. It is, however, preferable to set the thickness of the
wavelength conversion type sealing layer 6 as 10 um or more
and 500 pum or less. This is because that when the film thick-
ness of the wavelength conversion type sealing layer 6 is less
than 10 um, the film thickness is not sufficient to retain typical
phosphor particles having a particle diameter of 10 to 20 um,
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exfoliation of the phosphor particles is occurred, and chro-
maticity variation is caused. Further, the exfoliation of the
phosphor particles becomes a path of the sealing layer to
cause deterioration of the sulfurization resistance. It is also
because that when the film thickness of the sealing material
for the light emitting device is 500 pm or more, a problem
may occur such that light from a light source (that is, the LED
chip 3) passes through the wavelength conversion type seal-
ing layer 6, a difference of the number of the hit phosphor
particles before emission becomes large, and chromaticity is
changed in the central region and in the peripheral region of
the light emitting device.

The lower limit of the thickness of the wavelength conver-
sion type sealing layer 6 is not restricted; however, it is typi-
cally 15 um or more, and preferably 20 um or more.

Further, it is preferable that particle diameters of the phos-
phor particles and the inorganic fine particles contained in the
wavelength conversion type sealing layer 6 are smaller than
the thickness of the wavelength conversion type sealing layer
6.

The thickness of the wavelength conversion type sealing
layer 6 means the maximum thickness of the layer arranged
onthe surface of the glass substrate 5 (see FIG. 2). Further, the
thickness of the wavelength conversion type sealing layer 6
formed on the glass substrate 5 refers to the maximum thick-
ness thereof. The thickness of the layer can be measured by
using a laser hologage.

Forming Methods of the Wavelength Conversion Type
Sealing Layer 6

Forming methods of the wavelength conversion type seal-
ing layer 6 are classified broadly into a method of forming the
layer by forming the above-described phosphor-containing
sealing agent (one liquid type), and a method of forming the
layer by respectively forming the above-described binder
type sealing agent and a phosphor dispersion liquid (two
liquid type).

[First Forming Method (One Liquid Type) of the Wavelength
Conversion Type Sealing Layer 6]

In the case of forming the wavelength conversion type
sealing layer 6 with the one liquid type method, it may be a
method in which the above-described phosphor-containing
sealing agent is applied to the above-described light emitting
element to be cured.

The phosphor-containing sealing agent is applied so as to
cover, among the light emitting element, at least the metal
parts (metal wirings) 2, the side surface of the LED chip 3
arranged in the package 1, and the glass substrate 5. The
application means is not limited; however, blade coating, spin
coating, dispenser coating, spray coating, and the like, are
exemplified. Specifically, it is preferable to use the spray
coating since a thin coating film is easily formed, and a thin
ceramic layer is therefore easily formed.

After applying the phosphor-containing sealing agent, pol-
ysiloxane and organic metal compounds are dried and cured
by heating the coating film at 100 C.° or more, and preferably
150 C.°10 300 C.°. When the heating temperature is less than
100 C.°, the light resistance, and the like, of the coating film
may be deteriorated because of not sufficiently removing the
organic components, and the like, generated at dehydration
condensation of silane compounds.

The wavelength conversion type sealing layer 6 may be
further covered with a protection layer, and the like, after
forming the wavelength conversion type sealing layer 6.
Forming the protection layer may be carried out with a spray
device, a dispenser device, or the like.
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[Second Forming Method (Two Liquid Type) of the Wave-
length Conversion Type Sealing Layer 6]

A forming method of the wavelength conversion type seal-
ing layer 6 with the two liquid type may be a method includ-
ing 1) a process in which a phosphor dispersion liquid is
applied so as to cover the above-described light emitting
element to arrange phosphor particles, and 2) a process in
which the above-described binder type sealing agent is
applied so as to cover the light emitting element to which the
phosphor dispersion liquid has been applied to be cured.
According to the method, the wavelength conversion type
sealing layer 6 including phosphor-containing particles
therein is formed.

Phosphor Dispersion Liquid

The phosphor dispersion liquid may be dispersion liquid
prepared by dispersing phosphor particles and tabular par-
ticles in a solvent, or the like, and inorganic fine particles, and
the like, may further be included. That is, the liquid is the
same as that of the phosphor-containing sealing agent except
that polysiloxane and organic metal compounds are not
included. That is, the phosphor dispersion liquid can be pre-
pared as the same way as the above-described phosphor-
containing sealing agent including each component (phos-
phor particles, tabular particles, and inorganic fine particles),
a solvent type, and the like.

It is preferable for the solvent of the phosphor dispersion
liquid to include alcohols. The alcohols may be a monohydric
alcohol, such as methanol, ethanol, propane, butanol, or the
like, or a polyalcohol having a valence grater than two. Two or
more kinds of alcohols may be combined. In the case of using
a polyalcohol having a valence grater than two as a solvent,
the viscosity of the phosphor dispersion liquid can be made
easily increased, and sedimentation of the phosphor particles,
which are dispersoid, can be easily prevented.

Any of the polyalcohol having a valence grater than two
can be used as long as it can be used as a solvent, and, for
example, ethylene glycol, propylene glycol, diethylene gly-
col, glycerin, 1,3-butanediol, 1,4-butanediol, and the like, are
exemplified, and ethylene glycol, propylene glycol, 1,3-bu-
tanediol, and 1,4-butanediol are preferable.

Further, the phosphor dispersion liquid may be prepared in
the same manner as the above-described phosphor-contain-
ing sealing agent, and, for example, the liquid may be pre-
pared by mixing phosphor particles into a solvent, further
mixing tabular particles thereto, and if necessary, adding
other inorganic fine particles to the mixture.

In the above-described one liquid type phosphor-contain-
ing sealing agent, it is possible that a solvent, phosphor par-
ticles, polysiloxane, organic metal compounds, inorganic fine
particles, tabular particles, and the like, are included, chemi-
cal reaction is generated in a time after the liquid preparation,
and the viscosity becomes high over time. On the other hand,
the chemical reaction as above is not generated in the phos-
phor dispersion liquid which dose not include the binder type
sealing agent, such as polysiloxane, organic metal com-
pounds, and the like, and the liquid becomes a stable liquid
having a long pot life.

Application of the Phosphor Dispersion Liquid

The phosphor dispersion liquid is applied so as to cover,
among the light emitting element, at least the metal parts
(metal wirings) 2, the side surface of the LED chip 3 arranged
in the package 1, and the glass substrate 5. The application
means is not limited; however, the blade coating, the spin
coating, the dispenser coating, the spray coating, and the like,
are exemplified. Specifically, it is preferable to use the spray
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coating since a thin coating film is easily formed therewith.
The coating film is dried if necessary, after the phosphor
dispersion liquid is applied.

Application of the Binder Type Sealing Agent

The binder type sealing agent is applied so as to cover the
phosphor particles. The application means is not limited;
however, the blade coating, the spin coating, the dispenser
coating, the spray coating, and the like, are exemplified. Spe-
cifically, it is preferable to use the spray coating since a thin
coating film is easily formed therewith.

After applying the binder type sealing agent, polysiloxane
and organic metal compounds are dried and cured by heating
the coating film at 100 C.° or more, and preferably 150 C.° to
300 C.°. When the heating temperature is less than 100 C.°,
the light resistance, and the like, of the coating film may be
deteriorated because of not sufficiently removing the organic
component, and the like, generated at dehydration condensa-
tion of silane compounds.

In the case of forming the wavelength conversion type
sealing layer 6 with the two liquid type method, the phosphor
dispersion liquid and the binder type sealing agent may be
repeatedly and alternately applied to the light emitting ele-
ment. Further, the wavelength conversion type sealing layer 6
may be further covered with a protection layer, and the like,
after the wavelength conversion type sealing layer 6 is
formed.

(Second Light Emitting Device)

A second light emitting device includes, for example, the
light emitting element illustrated in the schematic cross-sec-
tional diagram of FIG. 2B, and a sealing layer to cover the
element. The light emitting element in the second light emit-
ting device includes, for example, a package (LED substrate)
1, metal parts (metal wirings) 2, a LED chip 3 arranged in the
package 1, and bump electrodes 4 connecting the metal parts
2 and the LED chip 3.

The second light emitting device further includes a sealing
layer 6 to cover the light emitting element. The sealing layer
6 of this configuration is a sealing layer to which the sealing
material for the light emitting device according to the above
described invention is applied. The sealing layer 6 has phos-
phor particles, and performs a function as a wavelength con-
version portion (wavelength conversion type sealing layer).
That is, the light emitting device of the second configuration
is the same as that of the first configuration, except not having
the glass substrate 5 for protecting the LED chip, and the
forming method of the wavelength conversion type sealing
layer 6 can be the same. This is the same for the thickness of
the sealing layer 6. That is, it is desirable to make the thick-
ness as 10 pm or more and less than 500 pm.

One LED chip 3 is arranged at the concave portion of the
package 1 in the LED device 100 in FIG. 2B; however, a
plurality of the LED chips 3 may be arranged at the concave
portion.

(Third Light Emitting Device)

A third light emitting device includes, for example, a light
emitting element, a sealing layer 7 to cover the element, and
aphosphor-containing resin layer 8 formed thereon for wave-
length-converting light emitted from a LED chip 3, illustrated
in the schematic cross-sectional diagram of FIG. 2C.

Specifically, the light emitting element in the third light
emitting device includes, for example, a package (LED sub-
strate) 1, metal parts (metal wirings) 2, the LED chip 3
arranged in the package 1, and bump electrodes 4 connecting
the metal parts 2 and the LED chip 3.

The third light emitting device further includes the sealing
layer 7 to cover the light emitting element, and the phosphor-
containing resin layer 8 thereon for converting the emission
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wavelength of the LED 3. The sealing layer 7 is a sealing layer
to which the sealing material for the light emitting device
according to the above described invention is applied. That is,
the light emitting device of the third configuration is the same
as that of the second configuration, except having the sealing
layer 7 and the phosphor-containing resin layer 8 instead of
the wavelength conversion type sealing layer 6.

One LED chip 3 is arranged at the concave portion of the
package 1 in the LED device 100 in FIG. 2C; however, a
plurality of the LED chips 3 may be arranged at the concave
portion.

In the third LED device, the light extract efficiency can be
improved by including the sealing layer 7 compared to the
semiconductor light emitting device including only the phos-
phor-containing resin layer 8. This is because that the refrac-
tive index of the sealing layer 7 becomes the median value
between the refractive index of the LED chip surface and the
refractive index of the phosphor-containing resin layer 8,
since metal elements originating from organic metallic com-
pounds are contained in the sealing layer 7. Thus, loss attrib-
uted to the interface reflection corresponding to an interface
refractive index difference is reduced and the light extract
efficiency is improved compared to the case that only the
phosphor-containing resin layer 8 is included in the device.
(Sealing Layer 7)

The sealing layer covers the package (LED substrate) 1, the
metal parts (metal wirings) 2, the LED chip 3 arranged in the
package 1, and the light emitting surface of the LED chip 3, of
the light emitting element.

The thickness of the sealing layer 7 is preferably 0.7 um or
more and 15 um or less. This is because that when the thick-
ness of the sealing layer 7 is less than 0.7 um, the thickness is
too thin to exhibit sufficient gas barrier properties. Thus,
when the sealing layer is used outside, the metal reflection
layer may be easily deteriorated by corrosive gasses, such as
a sulfide gas, and the like, so that it is not suitable for a long
term usage. Further, in the case that the film thickness of the
sealing layer 7 is more than 15 um, film cracking may be
easily occurred, and accordingly corrosion by a sulfide gas,
and the like, may also be easily occurred.

Furthermore, the particle diameter of the inorganic fine
particles contained in the sealing layer 7 is preferably smaller
than the thickness of the sealing payer 7. The thickness of the
sealing layer 7 refers to the maximum thickness of a layer
arranged on the LED chip 3. The thickness of the layer can be
measured by using the laser hologage.

Forming Method of the Sealing Layer 7

The sealing layer 7 may be formed by applying the above-
described binder type sealing agent. Specifically, the binder
type sealing agent is applied so as to cover, among the light
emitting element, the metal parts (metal wirings) 2, the LED
chip 3 arranged in the package 1, the bump electrodes 4
connecting the metal parts 2 and the LED chip 3, and the light
emitting surface of the LED chip 3. The application means is
not limited; however, the blade coating, the spin coating, the
dispenser coating, the spray coating, and the like, are exem-
plified. Specifically, it is preferable to use the spray coating
since a thin coating film is easily formed therewith.

After applying the binder type sealing agent, polysiloxane
and organic metal compounds are dried and cured by heating
the coating film at 100 C.° or more, and preferably 150 C.° to
300 C.°. When the heating temperature is less than 100 C.°,
the light resistance, and the like, of the coating film may be
deteriorated because of not sufficiently removing the organic
component, and the like, generated at dehydration condensa-
tion of silane compounds.
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(Phosphor-Containing Resin Layer 8)

The phosphor-containing resin layer 8 is a layer for con-
verting the emission wavelength of the LED chip, and layered
on the above-described sealing layer 7. The phosphor-con-
taining resin layer 8 is a layer in which phosphor particles are
dispersed in a transparent resin. The phosphor particles may
be the same phosphor particles contained in the above-de-
scribed phosphor-containing sealing agent. The transparent
resin may be, for example, a transparent thermosetting resin,
specifically, a silicone resin, epoxy resin, and the like, are
exemplified, and a silicone resin is particularly preferable.

The film thickness of the phosphor-containing resin layer
is not particularly limited since the layer is set according to
the amount of the phosphor required by the LED device. It is,
however, typically preferable to set the thickness of the phos-
phor-containing resin layer 8 as 25 um to 5 mm, and more
preferably set as 1 to 3 mm. When the thickness of the phos-
phor-containing resin layer 8 exceeds the upper limit thereof,
the concentration of the phosphor particles in the phosphor-
containing resin layer 8 is typically excessively lowered;
therefore, the phosphor particles may not be uniformly dis-
persed.

The concentration of the phosphor particles in the phos-
phor-containing resin layer is preferably 5 to 15% by mass,
and more preferably 9 to 11% by mass.

In the forming method of the phosphor-containing resin
layer 8, phosphor particles are dispersed in a liquid transpar-
ent resin (thermosetting resin), and the dispersion liquid is
applied onto the above-described sealing layer 7 using an
injection device, such as a dispenser, or the like. The phos-
phor-containing resin layer 8 then may be formed by heating
and curing the coated dispersion liquid.

[Use of the Light Emitting Device]

The above-described light emitting device is further pro-
vided with other optical components (lenses, and the like) to
be various optical members. It is suitable to use the light
emitting device of the invention for vehicle light lamps, out-
door lighting equipment, and the like, since the device has
superior sulfide gas resistance, light resistance, heat resis-
tance, and the like.

Next, examples of the invention are described. However,
the scope of the invention is not limited thereto. First of all,
evaluation methods for each of the examples are described.
<Solid Si-NMR Spectrum Measurement and Silanol Content
Ratio Calculation>

Solid Si-NMR spectrum measurement and waveform
separation analysis were performed under the following con-
ditions for a sealing material for a light emitting device of
each example and each comparative example. The half width
of each peak was determined for the sealing material for the
light emitting device of each example and each comparative
example from resultant wave form data. Further, a ratio of
silicon atoms (%) of silanol in the whole silicon atoms was
determined by a ratio of the peak area derived from the silanol
to a total peak area, and compared with the content rate of the
silicon separately analyzed to determine a content rate of the
silanol.
<Device Condition>
Device: Infinity CMX-400 nuclear magnetic resonance spec-
troscope manufactured by Chemagnetics INC.
2°Si resonance frequency: 79.436 MHz
Probe: 7.5 mm ¢CP/MAS probe
Measurement temperature: Room temperature
Rotational frequency of sample: 4 kHz
Measuring method: Single pulse method
'H decoupling frequency: 50 kHz
29Si flip angle: 90°
2°Si 90° pulse width: 5.0 us



US 9,269,874 B2

29

Repetition time: 600 s
Number of count: 128 times
Observation width: 30 kHz
Broadening factor: 20 Hz
<Data Processing Method>

For the sealing material for the light emitting device of
examples 1 to 24 and comparative examples 1 to 9, 512 points
were taken in as measured data and zero-filled to 8192 points
before Fourier transformation was performed.
<Waveform Separation Analyzing Method>

For each peak of the spectrum after Fourier transformation,
an optimization calculation was performed by the nonlinear
least square method with the center position, height, and a
half width of a peak shape created by Lorentz waveform,
Gauss waveform, or a mixture of both, as variable parameters.

For identification of peaks, AIChE Journal, 44(5), p. 1141,
1998, and the like, were referred.
<Adhesion Evaluation>

Cycle processing was performed on the produced LED
device with a thermal shock testing machine (manufactured
by ESPEC CORP.) at between —-30° C. (for 30 minutes) and
100° C. (for 30 minutes). Occurrence of lighting failure of the
LED device caused by film peeling was inspected after the
above processing was done, and the sulfurization resistance
was evaluated based on criteria illustrated below.
®: no lighting failure in 2000 heat shock cycles
o: lighting failure occurs in 1500 or more heat shock cycles
and less than 2000 cycles
A: lighting failure occurs in 1000 or more heat shock cycles
and less than 1500 cycles
x: lighting failure occurs in less than 1000 heat shock cycles
<Sulfurization Resistance Evaluation>

Based on the gas exposure test (JIS C 60068-2-43) of JIS,
whole luminous flux measurement was performed on the
LED chip before and after the chip was exposed under the
environment where the hydrogen sulfide-containing gas was
15 ppm, the temperature was 25° C., and the relative humidity
was 75% RH for 1000 hours, and the sulfurization resistance
evaluation was performed based on criteria illustrated
below.
®: the whole luminous flux to the initial value ratio (whole
luminous flux value of the untreated article/whole luminous
flux value of the sulfide gas treated article®*100) is 98% or
more
o: the whole luminous flux to the initial value ratio (whole
luminous flux value of the untreated article/whole luminous
flux value of the sulfide gas treated article®*100) is 96% or
more
A: the whole luminous flux to the initial value ratio (whole
luminous flux value of the untreated article/whole luminous
flux value of the sulfide gas treated article®*100) is 92% or
more and less than 96%
x: the whole luminous flux to the initial value ratio (whole
luminous flux value of the untreated article/whole luminous
flux value of the sulfide gas treated article*100) is 92% or less
<Crack Resistance Evaluation>

External observation was performed on the LED chip at
1000 magnification with SEM (VE7800, manufactured by
KEYENCE Corporation), and the crack resistance evaluation
was performed based on criteria illustrated below.
®: the coating film exhibits no crack longer than 5 um or more
o: the coating film exhibits no crack longer than 10 um or
more
A: the coating film exhibits 1 or more and 5 or less cracks
having a length of 10 um or more
x: the coating film exhibits 5 or more cracks having a length
of 10 um or more
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<Wet Heat Resistance Evaluation>

Whole luminous flux measurement was performed on the
LED chip with a wet heat testing machine SH251 (ESPEC
CORP.) before and after the chip was exposed under the
environment of 80° C. and 90% Ph for 1000 hours, and the
wet heat resistance was evaluation was performed based on
criteria illustrated below.
®: the whole luminous flux to the initial value ratio (whole
luminous flux value of the untreated article/whole luminous
flux value of the wet heat treated article*100) is 98% or more
o: the whole luminous flux to the initial value ratio (whole
luminous flux value of the untreated article/whole luminous
flux value of the wet heat treated article*100) is 96% or more
A: the whole luminous flux to the initial value ratio (whole
luminous flux value of the untreated article/whole luminous
flux value of the wet heat treated article*100) is 92% or more
and less than 96%
x: the whole luminous flux to the initial value ratio (whole
luminous flux value of the untreated article/whole luminous
flux value of the wet heat treated article®100) is 92% or less
<Light Extract Efficiency Evaluation>

The light extract efficiency of the produced LED device
was measured with a spectral radiance meter (CS-1000,
manufactured by Konica Minolta Sensing Inc.) The measure-
ment condition was to apply a current of 10 mA, and arelative
value when the whole luminous flux value of the LED device
having no sealing layer was 1.0 was evaluated based on cri-
teria illustrated below.
®: the relative value is 1.1 or more
o: the relative value is 1.03 to 1.09
A: the relative value is 0.98 to 1.02
x: the relative value is 0.97 or less
<Light Resistance Evaluation>

The sealing agent for the light emitting device used for the
example 5, example 12, and example 13 was applied to slide
glasses to bake at temperatures mentioned in the example 5,
example 12, and example 13. The sealing agent was lami-
nated to make a layer thereof having a film thickness of 10 pm
after baking. Transmittance before and after processing at 150
mw for 100 hours for each slide glass was measured with a
metal-halide lamp light resistance testing machine (M6T,
manufactured by Suga Test Instruments Co., [.td.), and the
light resistance was then evaluated based on criteria illus-
trated below.
®: less than 1.0% drop in the average transmittance of the
light having a wavelength of 300 nm to 500 nm after process-
ing
A: 1.0% or more and less than 1.5% drop in the average
transmittance of the light having a wavelength of 300 nm to
500 nm after processing
x: 1.5% or more drop in the average transmittance of the light
having a wavelength of 300 nm to 500 nm after processing
<Chromaticity Variation Evaluation>

Chromaticity of emission light emitted from the LED
device in each example and comparative example was mea-
sured for following cases: (i) chromaticity of the emission
light emitted from the front of the LED device; (ii) chroma-
ticity of the emission light emitted from the front of the LED
device by inclining by 60°; and (iii) chromaticity of the emis-
sion light emitted from the front of the LED device by inclin-
ing by —60° (inclining by 60° in the opposite direction from
(i1)). The chromaticity was obtained by measuring an x-value
and a y-value in the CIE colorimetric system with a spectral
radiance meter (CS-1000A, manufactured by Konica Minolta
Sensing Inc.) A z-coordinate which can be obtained from the
relation of x+y+z=1 is omitted. Standard deviation was deter-
mined for each chromaticity (x-value and y-value) measured.
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The chromaticity was then evaluated with the mean values of
the x-value standard deviations and y-value the standard
deviations. Evaluation criteria were illustrated below.

@: the mean value of the standard deviations is 0.01 or less
A: the mean value of the standard deviations is more than 0.01
and 0.02 or less

x: the mean value of the standard deviations is more than 0.02

Next, each example and comparative example is explained
in detail. First of all, a preparation method of phosphors used
in each example and comparative example is summarized.
[Phosphor Preparation]

As phosphor raw materials, 7.41 g of Y,0,, 401 g of
Gd,0;5,0.63 gof CeO,, and 7.77 g of Al,O; were well mixed.
An optimal amount of ammonium fluoride was mixed thereto
as a flux to fill an aluminum crucible. The filling was baked at
a temperature within a range of 1350 to 1450° C. for 2 to 5
hours in a reducing atmosphere containing a hydrogen-con-
taining nitrogen gas to obtain a baked product ((Y, .
Gdy 24)3A150,,:Ceq 64)-

The obtained baked product was ground, washed, sepa-
rated, and dried to obtain yellow phosphor particles having an
average particle diameter of about 10 um. When an emission
wavelength in exciting light having a wavelength of 465 nm
was measured, the light had a peak wavelength in a wave-
length region of about 570 nm.

Next, specific conditions for producing the light emitting
device as a sample for the examples 1 to 8 and comparative
examples 1 to 9 and evaluation results thereof are summa-
rized. As the sample for the examples 1 to 8 and the compara-
tive examples 1 to 9, the first light emitting device illustrated
in FIG. 2A is used. Further, evaluations of “adhesiveness”,
“crack resistance”, “sulfurization resistance”, and “wet heat
resistance” are performed for each example. The evaluation
results are summarized in FIG. 3A. FIG. 3A is a table in which
each condition and evaluation results for the examples 1 to 8
and the comparative examples 1 to 9 are summarized.

Example 1

Production of LED Device 1-1

As the example 1, specific production conditions and
evaluation results of a LED device 1-1, as a sample, are
described. First of all, 23.6 g of methyltrimethoxysilane, 39.3
g of tetramethoxysilane, 40.0 g of methanol, and 40.0 g of
acetone were mixed and stirred. 54.6 g of water and 4.7 ul. of
60% nitric acid were added thereto, and further stirred for 3
hours. The mixture was then matured at 26° C. for 2 days.
After that, the obtained composition thereby was diluted with
methanol to make a solid content value of polysiloxane be
10%, and the sealing agent for the light emitting device was
obtained having a polymerization molar ratio of trifunctional
monomethylsilane compound:tetrafunctional silane com-
pound was 4:6.

Further, 1 g of'the phosphor particles prepared in the above
method, 0.05 g of MK 100 (synthetic mica, manufactured by
Co-op Chemical Co.,LTD.), 0.05 gof RX300 (having 7 nm of
average particle diameter of primary particles and 300 m?/g
of specific surface area, produced by NIPPON AEROSIL
CO.,LTD),and 1.5 gofpropylene glycol are mixed to prepare
a phosphor dispersion liquid. The prepared phosphor disper-
sion liquid was applied with a spray on to a glass substrate
placed on the light emitting element (LED chip) configured as
illustrated in FIG. 2A, and dried at 50° C. for 1 hour, and the
phosphor particles were then placed on the glass substrate.

The light emitting device is a LED chip mounting package
in which one blue LED chip (rectangular parallelepiped
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shape: 200 um*300 pm*100 um) was flip-chip mounted on
the center of a flat package, a glass substrate (200 um*300
um*500 um) was arranged on the LED chip.

The above-described sealing agent for the light emitting
device (binder type sealing agent) was then applied with a
spray to the phosphor particles arranged by the above method.
After that, the particles were baked at 150° C. for 1 hour, and
a phosphor-containing sealing layer 6 was provided; thereby,
the LED device 1-1 having a sealing layer (wavelength con-
version type sealing layer) having a thickness of 10 um, and
including the phosphor particles was obtained.

When the solid Si-NMR spectrum was performed on the
sealing layer of the LED device 1-1, the Q" peak group having
a half width of 5 ppm, and the T” peak group having a half
width of 5 ppm were observed, and no D" peak group was
observed. Further, the silanol content ratio in the sealing layer
was 20%.

As shown in FIG. 3A, the evaluation results in the example
1 are such that “o” in the adhesiveness, “o” in the crack
resistance, “o” in the sulfurization resistance, and “o” in the
wet heat resistance.

Example 2
Production of LED Device 1-2

Next, as the example 2, specific production conditions and
evaluation results of a LED device 1-2, as a sample, are
described. In the present example, a sealing agent for the light
emitting device was prepared such that an added amount 29.5
g of methyltrimethoxysilane, and an added amount 32.8 g of
tetramethoxysilane were used to produce a silane compound,
and the polymerization molar ratio of the trifunctional
monomethyl silane compound:the tetrafunctional silane
compound was 4:6. Other conditions are the same as that of
the LED device 1-1. The LED device 1-2 was thereby
obtained.

When the solid Si-NMR spectrum was performed on the
sealing layer of the LED device 1-2, the Q" peak group having
a half width of 9 ppm, and the T” peak group having a half
width of 9 ppm were observed (detected), and no D" peak
group was observed. Further, the silanol content ratio in the
sealing layer was 20%.

As shown in FIG. 3A, the evaluation results in the example
2 are such that “o” in the adhesiveness, “o” in the crack
resistance, “o” in the sulfurization resistance, and “o” in the
wet heat resistance.

Example 3
Production of LED Device 1-3

Next, as the example 3, specific production conditions and
evaluation results of a LED device 1-3, as a sample, are
described. In the present example, a sealing agent for the light
emitting device was prepared such that an added amount 35.4
g of methyltrimethoxysilane, and an added amount 26.2 g of
tetramethoxysilane were used to produce a silane compound,
and the polymerization molar ratio of the trifunctional
monomethyl silane compound:the tetrafunctional silane
compound was 6:4. Other conditions are the same as that of
the LED device 1-1. The LED device 1-3 was thereby
obtained.

When the solid Si-NMR spectrum was performed on the
sealing layer of the LED device 1-3, the Q" peak group having
a half width of 12 ppm, and the T” peak group having a half
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width of 12 ppm were observed, but no D" peak group was
observed. Further, the silanol content ratio in the sealing layer
was 20%.

As shown in FIG. 3A, the evaluation results in the example
3 are such that “o” in the adhesiveness, “o” in the crack
resistance, “o” in the sulfurization resistance, and “o” in the

wet heat resistance.
Example 4
Production of LED Device 1-4

Next, as the example 4, specific production conditions and
evaluation results of a LED device 1-4, as a sample, are
described. In the present example, a sealing agent for the light
emitting device was prepared such that an added amount 13.0
g of dimethyldimethoxysilane, an added amount 29.4 g of
methyltrimethoxysilane, and an added amount 16.4 g of tet-
ramethoxysilane were used to produce a silane compound,
and the polymerization molar ratio of a bifunctional dinom-
ethyl silane compound:the trifunctional monomethyl silane
compound:the tetrafunctional silane compound was 25:50:
25. Other conditions are the same as that of the LED device
1-1. The LED device 1-4 was thereby obtained.

When the solid Si-NMR spectrum was performed on the
sealing layer ofthe LED device 1-4, the Q” peak group having
a half width of 5 ppm, the T" peak group having a half width
of'S ppm, and the D” peak group having a half width of 5 ppm
were observed. Further, the silanol content ratio in the sealing
layer was 20%.

As shown in FIG. 3A, the evaluation results in the example
4 are such that “o” in the adhesiveness, “o” in the crack
resistance, “o” in the sulfurization resistance, and “o” in the
wet heat resistance.

Example 5
Production of LED Device 1-5

Next, as the example 5, specific production conditions and
evaluation results of a LED device 1-5, as a sample, are
described. In the present example, a sealing agent for the light
emitting device was prepared such that an added amount 6.0
g of dimethyldimethoxysilane, an added amount 23.4 g of
methyltrimethoxysilane, and an added amount 29.5 g of tet-
ramethoxysilane were used to produce a silane compound,
and the polymerization molar ratio of the bifunctional dinom-
ethyl silane compound:the trifunctional monomethylsilane
compound:the tetrafunctional silane compound was 15:40:
45, and thereby the sealing agent for the light emitting device
having a solid concentration of 10% was obtained. Other
conditions are the same as that of the LED device 1-1. The
LED device 1-5 was thereby obtained.

When the solid Si-NMR spectrum was performed on the
sealing layer ofthe LED device 1-5, the Q” peak group having
a half width of 9 ppm, the T" peak group having a half width
of'9 ppm, and the D” peak group having a half width of 9 ppm
were observed. Further, the silanol content ratio in the sealing
layer was 20%.

As shown in FIG. 3A, the evaluation results in the example
5 are such that “o” in the adhesiveness, “o” in the crack
resistance, “o” in the sulfurization resistance, and “o” in the
wet heat resistance.

Example 6

Production of LED Device 1-6

Next, as an example 6, specific production conditions and
evaluation results of a LED device 1-6, as a sample, are
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described. In the present example, a sealing agent for the light
emitting device was prepared such that an added amount 5.2
g of dimethyldimethoxysilane, an added amount 17.6 g of
methyltrimethoxysilane, and an added amount 39.4 g of tet-
ramethoxysilane were used to produce a silane compound,
and the polymerization molar ratio of the bifunctional dinom-
ethyl silane compound:the trifunctional monomethyl silane
compound:the tetrafunctional silane compound was 10:30:
60. Other conditions are the same as that of the LED device
1-1. The LED device 1-6 was thereby obtained.

When the solid Si-NMR spectrum was performed on the
sealing layer of the LED device 1-6, the Q" peak group having
a half width of 12 ppm, the T” peak group having a half width
of 12 ppm, and the D" peak group having a half width of 12
ppm were observed. Further, the silanol content ratio in the
sealing layer was 20%.

As shown in FIG. 3A, the evaluation results in the example
6 are such that “o” in the adhesiveness, “o” in the crack
resistance, “o” in the sulfurization resistance, and “o” in the
wet heat resistance.

Example 7

Production of LED Device 1-7

Next, as the example 7, specific production conditions and
evaluation results of a LED device 1-7, as a sample, are
described. In the present example, a sealing agent for the light
emitting device was prepared such that an added amount 13.0
g of dimethyldimethoxysilane, an added amount 29.3 g of
methyltrimethoxysilane, and an added amount 16.4 g of tet-
ramethoxysilane were used to produce a silane compound,
and the polymerization molar ratio of the bifunctional dinom-
ethyl silane compound:the trifunctional monomethyl silane
compound:the tetrafunctional silane compound was 25:50:
25. Other conditions are the same as that of the LED device
1-1. The LED device 1-7 was thereby obtained.

When the solid Si-NMR spectrum was performed on the
sealing layer of the LED device 1-7, the Q" peak group having
a half width of 9 ppm, the T” peak group having a half width
of'9 ppm, and the D" peak group having a half width of 9 ppm
were observed. Further, the silanol content ratio in the sealing
layer was 11%.

As shown in FIG. 3A, the evaluation results in the example
7 are such that “o” in the adhesiveness, “o” in the crack
resistance, “o” in the sulfurization resistance, and “o” in the
wet heat resistance.

Example 8
Production of LED Device 1-8

Next, as the example 8, specific production conditions and
evaluation results of a LED device 1-8, as a sample, are
described. In the present example, a sealing agent for the light
emitting device was prepared such that an added amount 5.2
g of dimethyldimethoxysilane, an added amount 17.6 g of
methyltrimethoxysilane, and an added amount 39.4 g of tet-
ramethoxysilane were used to produce a silane compound,
and the polymerization molar ratio of the bifunctional dinom-
ethyl silane compound:the trifunctional monomethyl silane
compound:the tetrafunctional silane compound was 10:30:
60. Other conditions are the same as that of the LED device
1-1. The LED device 1-8 was thereby obtained.

When the solid Si-NMR spectrum was performed on the
sealing layer of the LED device 1-8, the Q" peak group having
a half width of 12 ppm, the T” peak group having a half width
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of 12 ppm, and the D" peak group having a half width of 12
ppm were observed. Further, the silanol content ratio in the
sealing layer was 30%.

As shown in FIG. 3A, the evaluation results in the example
8 are such that “o” in the adhesiveness, “o” in the crack
resistance, “o” in the sulfurization resistance, and “o” in the
wet heat resistance.

Comparative Example 1
Production of LED Device 1-9

Next, as the comparative example 1, specific production
conditions and evaluation results of a LED device 1-9, as a
sample, are described. In the present comparative example, a
sealing agent for the light emitting device was prepared with
65.6 g of tetramethoxysilane as a silane compound, and the
polymerization molar ratio of the bifunctional dinomethyl
silane compound:the trifunctional monomethylsilane com-
pound:the tetrafunctional silane compound was 0:0:100.
Other conditions are the same as that of the LED device 1-1.
The LED device 1-9 was thereby obtained.

When the solid Si-NMR spectrum was performed on the
sealing layer ofthe LED device 1-9, the Q” peak group having
a half width of 15 ppm was observed, but neither the T” peak
group nor D” peak group were observed. Further, the silanol
content ratio in the sealing layer was 35%.

As shown in FIG. 3A, the evaluation results in the com-
parative example 1 are such that “c” in the adhesiveness, “x”
in the crack resistance, “x” in the sulfurization resistance, and
“x” in the wet heat resistance.

Comparative Example 2
Production of LED Device 1-10

Next, as the comparative example 2, specific production
conditions and evaluation results of a LED device 1-10, as a
sample, are described. In the present comparative example, a
sealing agent for the light emitting device was prepared with
58.7 g of methyltrimethoxysilane as a silane compound, and
the polymerization molar ratio of the bifunctional dinomethyl
silane compound:the trifunctional monomethylsilane com-
pound:the tetrafunctional silane compound was 0:100:0.
Other conditions are the same as that of the LED device 1-1.
The LED device 1-10 was thereby obtained.

When the solid Si-NMR spectrum was performed on the
sealing layer of the LED device 1-10, the T” peak group
having a half width of 8 ppm was observed, but neither the Q”
peak group nor D” peak group were observed. Further, the
silanol content ratio in the sealing layer was 20%.

As shown in FIG. 3A, the evaluation results in the com-
parative example 2 are such that “A” in the adhesiveness, “0”
in the crack resistance, “x” in the sulfurization resistance, and
“x” in the wet heat resistance.

Comparative Example 3

Production of LED Device 1-11

Next, as the comparative example 3, specific production
conditions and evaluation results of a LED device 1-11, as a
sample, are described. In the present comparative example, a
sealing agent for the light emitting device was prepared with
51.8 g of dimethyldimethoxysilane as a silane compound, and
the polymerization molar ratio of the bifunctional dinomethyl
silane compound:the trifunctional monomethylsilane com-
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pound:the tetrafunctional silane compound was 100:0:0.
Other conditions are the same as that of the LED device 1-1.
The LED device 1-11 was thereby obtained.

When the solid Si-NMR spectrum was performed on the
sealing layer of the LED device 1-11, the D” peak group
having a half width of 2 ppm was observed, but neither the Q"
peak group nor T” peak group were observed. Further, the
silanol content ratio in the sealing layer was 8%.

As shown in FIG. 3A, the evaluation results in the com-
parative example 3 are such that “x” in the adhesiveness, “o”
in the crack resistance, “x” in the sulfurization resistance, and
“x” in the wet heat resistance.

Comparative Example 4

Production of LED Device 1-12

Next, as the comparative example 4, specific production
conditions and evaluation results of a LED device 1-12, as a
sample, are described. In the present comparative example, a
sealing agent for the light emitting device was prepared such
that 20.8 g of dimethyldimethoxysilane, and an added amount
35.3 g of methyltrimethoxysilane were used to produce a
silane compound, and the polymerization molar ratio of the
bifunctional dinomethyl silane compound:the trifunctional
monomethylsilane compound:the tetrafunctional silane com-
pound was 40:60:0. Other conditions are the same as that of
the LED device 1-1. The LED device 1-12 was thereby
obtained.

When the solid Si-NMR spectrum was performed on the
sealing layer of the LED device 1-12, the T” peak group
having a half width of 8 ppm, and the D" peak group having a
half' width of 8 ppm were observed, but no Q” peak group was
observed. Further, the silanol content ratio in the sealing layer
was 8%.

As shown in FIG. 3A, the evaluation results in the com-
parative example 4 are such that “x” in the adhesiveness, “0”
in the crack resistance, “x” in the sulfurization resistance, and
“x” in the wet heat resistance.

Comparative Example 5
Production of LED Device 1-13

Next, as the comparative example 5, specific production
conditions and evaluation results of a LED device 1-13, as a
sample, are described. In the present comparative example, a
sealing agent for the light emitting device was prepared such
that 26.0 g of dimethyldimethoxysilane and an added amount
32.9 g of tetramethoxysilane were used to produce a silane
compound, and the polymerization molar ratio of the bifunc-
tional dinomethyl silane compound:the trifunctional monom-
ethylsilane compound:the tetrafunctional silane compound
was 50:0:50. Other conditions are the same as that of the LED
device 1-1. The LED device 1-13 was thereby obtained.

When the solid Si-NMR spectrum was performed on the
sealing layer of the LED device 1-13, the " peak group
having a half width of 8 ppm, and the D" peak group having a
half' width of 8 ppm were observed, but no T” peak group was
observed. Further, the silanol content ratio in the sealing layer
was 20%.

As shown in FIG. 3A, the evaluation results in the com-
parative example 5 are such that “A” in the adhesiveness, “A”
in the crack resistance, “x” in the sulfurization resistance, and
“x” in the wet heat resistance.
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Comparative Example 6
Production of LED Device 1-14

Next, as the comparative example 6, specific production
conditions and evaluation results of a LED device 1-14, as a
sample, are described. In the present comparative example, a
sealing agent for the light emitting device was prepared such
that an added amount 44.1 g of methyltrimethoxysilane, and
an added amount 5.5 g of tetramethoxysilane were used to
produce a silane compound, and the polymerization molar
ratio of the bifunctional dinomethyl silane compound:the
trifunctional monomethylsilane compound:the tetrafunc-
tional silane compound was 0:90:10. Other conditions are the
same as that of the LED device 1-1. The LED device 1-14 was
thereby obtained.

When the solid Si-NMR spectrum was performed on the
sealing layer of the LED device 1-14, the Q" peak group
having a half width of 2 ppm, and the T” peak group having a
half width of 2 ppm were observed, but no D” peak group was
observed. Further, the silanol content ratio in the sealing layer
was 20%.

As shown in FIG. 3A, the evaluation results in the com-
parative example 6 are such that “o” in the adhesiveness, “0”
in the crack resistance, “x” in the sulfurization resistance, and
“x” in the wet heat resistance.

Comparative Example 7
Production of LED Device 1-15

Next, as the comparative example 7, specific production
conditions and evaluation results of a LED device 1-15, as a
sample, are described. In the present comparative example, a
sealing agent for the light emitting device was prepared such
that an added amount 4.9 g of methyltrimethoxysilane, and an
added amount 49.3 g of tetramethoxysilane were used to
produce a silane compound, and the polymerization molar
ratio of the bifunctional dinomethyl silane compound:the
trifunctional monomethylsilane compound:the tetrafunc-
tional silane compound was 0:10:90. Other conditions are the
same as that of the LED device 1-1. The LED device 1-15 was
thereby obtained.

When the solid Si-NMR spectrum was performed on the
sealing layer of the LED device 1-15, the " peak group
having a half width of 15 ppm, and the T” peak group having
a half width of 15 ppm were observed, and no D” peak group
was observed. Further, the silanol content ratio in the sealing
layer was 20%.

As shown in FIG. 3A, the evaluation results in the com-
parative example 7 are such that “A” in the adhesiveness, “x”
in the crack resistance, “x” in the sulfurization resistance, and
“x” in the wet heat resistance.

Comparative Example 8

Production of LED Device 1-16

Next, as the comparative example 8, specific production
conditions and evaluation results of a LED device 1-16, as a
sample, are described. In the present comparative example, a
sealing agent for the light emitting device was prepared, an
added amount 30.3 g of dimethyldimethoxysilane, an added
amount 9.8 g of methyltrimethoxysilane, and an added
amount 5.5 g of tetramethoxysilane were used to produce a
silane compound, and the polymerization molar ratio of the
bifunctional dinomethyl silane compound:the trifunctional
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monomethyl silane compound:the tetrafunctional silane
compound was 70:20:10. Other conditions are the same as
that of the LED device 1-1. The LED device 1-16 was thereby
obtained.

When the solid Si-NMR spectrum was performed on the
sealing layer of the LED device 1-16, the Q" peak group
having a half width of 2 ppm, the T” peak group having a half
width of 2 ppm, and the D" peak group having a half width of
2 ppm were observed. Further, the silanol content ratio in the
sealing layer was 8%.

As shown in FIG. 3A, the evaluation results in the com-
parative example 8 are such that “x” in the adhesiveness, “0”
in the crack resistance, “x” in the sulfurization resistance, and
“x” in the wet heat resistance.

Comparative Example 9
Production of LED Device 1-17

Next, as the comparative example 9, specific production
conditions and evaluation results of a LED device 1-17, as a
sample, are described. In the present comparative example, a
sealing agent for the light emitting device was prepared such
that an added amount 4.3 g of dimethyldimethoxysilane, an
added amount 14.7 g of methyltrimethoxysilane, and an
added amount 32.9 g of tetramethoxysilane were used to
produce a silane compound, and the polymerization molar
ratio of the bifunctional dinomethyl silane compound:the
trifunctional monomethyl silane compound:the tetrafunc-
tional silane compound was 10:30:60. Other conditions are
the same as that of the LED device 1-1. The LED device 1-17
was thereby obtained.

When the solid Si-NMR spectrum was performed on the
sealing layer of the LED device 1-17, the Q" peak group
having a half width of 15 ppm, the T” peak group having a half
width of 15 ppm, and the D" peak group having a half width
of 15 ppm were observed. Further, the silanol content ratio in
the sealing layer was 8%.

As shown in FIG. 3A, the evaluation results in the com-
parative example 9 are such that “A” in the adhesiveness, “x”
in the crack resistance, “x” in the sulfurization resistance, and
“x” in the wet heat resistance.

As the above evaluation results show, when the following
conditions are satisfied (that is, the examples 1 to 8), it is
possible to achieve both the adhesiveness and the crack resis-
tance, and obtain the high sulfurization resistance and wet
heat resistance:

in the solid Si-NMR spectrum, a peak has a peak top in a

chemical shift within a range of =120 ppm or more and
-90 ppm or less (that is, a Q" peak group), and a half
width of 5 ppm or more and 12 ppm or less;

in the solid Si-NMR spectrum, a peak has a peak top in a

chemical shift within a range of -80 ppm or more and
-40 ppm or less (that is, a T” peak group), and a half
width of 5 ppm or more and 12 ppm or less; and

a silanol content ratio is 11% by weight (weight %) or more

and 30% by weight or less.

This can be considered that, in the solid Si-NMR spectrum,
when the peak half width becomes 5 ppm or more and 12 ppm
or less and a silanol content ratio becomes 11% or more and
30% or less, an optimum ratio of each of the Q” compound
having many bonding hands which lead to the adhesiveness
resistant to heat shock and the T” compound which sup-
presses the generation of cracks by reducing stress to a whole
was achieved. It is also considered that, in this case, since the
film was a fine film having no film crack and a sufficiently
high degree of crosslinking, permeation of the sulfide gas and
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water vapor was suppressed and corrosion and deterioration
of the metal parts 2 were also suppressed.

On the other hand, it is shown that, in the comparative
examples 1, 7 and 9 where the peak half width was a large
value as 15 ppm, the degree of crosslinking of the film was too
high and the film was generated to be hard, but otherwise
easily broken, so that the crack resistance was dropped. It is
also considered that, according to the generation of the
cracks, the gas barrier properties of the sealing layer were
dropped, and the sulfurization resistance as well as the wet
heat resistance was also dropped.

Further, in the comparative examples 3, 6 and 8 where the
peak half width was a small value as 2 ppm and the silanol
content ratio was less than 10%, the film had a low degree of
crosslinking and the crack resistance. It is, however, consid-
ered that, the adhesiveness became insufficient since the
chemical bounds of the sealing layer 6 with the package 1, the
metal parts 2, the LED chip 3, and the glass substrate 5 were
insufficient. It is also considered that, the sealing layer
became such that the gas barrier properties were low, and the
sulfurization resistance as well as the wet heat resistance was
also low, since the film became a coarse film having a low
degree of crosslinking.

Next, on the basis of the LED device 1-5 shown in the
example 5, a LED device 1-18 to a LED device 1-20 were
produced by adding inorganic oxide particles into each seal-
ing agent for the light emitting device, and evaluations of
“adhesiveness”, “crack resistance”, “sulfurization resis-
tance”, “wet heat resistance”, and “light extraction effi-
ciency” were performed on those devices in examples 9to 11,
respectively. The evaluation results of those are summarized
in FIG. 3B. FIG. 3B is a table in which each condition and
evaluation result of the example 5, and examples 9 to 10 are
summarized. As shown in FIG. 3B, the evaluation results in
the example 5 are such that “o” in the adhesiveness, “c” in the
crack resistance, “o” in the sulfurization resistance, “o” in the
wet heat resistance, and “o” in the light resistance efficiency.

Example 9
Production of LED Device 1-18

Next, as the example 9, specific production conditions and
evaluation results of the LED device 1-18, as a sample, are
described. In the present example, a sealing agent for the light
emitting device was prepared, the sealing agent for the light
emitting device used in the LED device 1-5 production was
further added with a slurry (TECNADIS-ZR-220, manufac-
tured by TECNAN Ltd.) in which ZrO, fine particles were
dispersed so as to make the ratio of the ZrO, fine particles be
15% of a total solid content. Other conditions are the same as
that of the LED device 1-5. The LED device 1-18 was thereby
obtained.

As shown in FIG. 3B, the evaluation results in the example
9 are such that “©®” in the adhesiveness, “®” in the crack
resistance, “o” in the sulfurization resistance, “o” in the wet
heat resistance, and “®” in the light extraction efficiency.

Example 10

Production of LED Device 1-19

Next, as the example 10, specific production conditions
and evaluation results of the LED device 1-19, as a sample,
are described. In the present example, a sealing agent for the
light emitting device was prepared such that the sealing agent
for the light emitting device used in the LED device 1-5
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production was further added with a slurry (TECNADIS-TI-
220, manufactured by TECNAN Ltd.) in which TiO, fine
particles were dispersed so as to make the ratio of the TiO,
fine particles be 15% by weight based on a total solid content.
Other conditions are the same as that of the LED device 1-5.
The LED device 1-19 was thereby obtained.

As shown in FIG. 3B, the evaluation results in the example
10 are such that “®” in the adhesiveness, “®” in the crack
resistance, “o” in the sulfurization resistance, “o” in the wet
heat resistance, and “o” in the light extraction efficiency.

Example 11
Production of LED Device 1-20

Next, as an example 11, specific production conditions and
evaluation results of a LED device 1-20, as a sample, are
described. In the present example, a sealing agent for the light
emitting device was prepared such that the sealing agent for
the light emitting device used in the LED device 1-5 produc-
tion was further added with a slurry (TECNADIS-AL-220,
manufactured by TECNAN Ltd.) in which Al,O; fine par-
ticles were dispersed so as to make the ratio of the Al,O, fine
particles be 15% of a total solid content. Other conditions are
the same as that of the LED device 1-5. The LED device 1-20
was thereby obtained.

As shown in FIG. 3B, the evaluation results in the example
11 are such that “®” in the adhesiveness, “®” in the crack
resistance, “o” in the sulfurization resistance, “o” in the wet
heat resistance, and “o” in the light extraction efficiency.

In the examples 9 to 11, when the solid Si-NMR spectrum
was performed on each of the sealing layers (wavelength
conversion type sealing layers) for the LED device 1-18 to the
LED device 1-20, the Q" peak group having a half width of' 9
ppm, the T” peak group having a half width of' 9 ppm, and the
D" peak group having ahalf width of 9 ppm were observed for
each case. Further, the silanol content ratio in each of the
sealing layers was 20%.

As the above evaluation results show, in the examples 9 to
11 in each of which the sealing agent for the light emitting
element contains the inorganic fine particles, a film strength
was improved therefore the crack resistance was improved,
compared to the example 5 in which the sealing agent for the
light emitting element contains no inorganic fine particle
(Zr0O,, Ti0,, or AL,O;). Further, in the example 9 in which
ZrO, was used as the inorganic fine particles, the light extrac-
tion efficiency was also improved. It is considered that this is
because although the light emitting element portion of the
LED is a high refractive index material having a refractive
index of 1.7 or more, a light extraction loss caused by the
reflection at an interface between the light emitting element
portion and the sealing layer 6 was reduced since ZrO, par-
ticles having a high refractive index and little light absorption
in a visible light region were added to the sealing layer 6.

Next, on the basis of the LED device 1-5 shown in the
example 5, a LED device 1-21 and a LED device 1-22 were
produced by changing the curing temperature (that is, tem-
perature in baking) for the sealing agent for the light emitting
device, and evaluations of “adhesiveness”, “crack resis-
tance”, “sulfurization resistance”, “wet heat resistance”, and
“light resistance” were then performed on those devices in
examples 12 and 13, respectively. The evaluation results of
those are summarized in FIG. 3C. FIG. 3C is a table in which
each condition and evaluation result of the example 5, and
examples 12, and 13 are summarized. In the example 5,
baking of the sealing agent for the light emitting device
(binder type sealing agent) has been performed at 150 C.° for
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1 hour after the agent was sprayed over phosphor particles. As
shown in FIG. 3C, the evaluation results in the example 5 are
such that “o” in the adhesiveness, “o0” in the crack resistance,
“0” in the sulfunzation resistance, “o” in the wet heat resis-

tance, and “o” in the light resistance evaluation

Example 12
Production of LED Device 1-21

Next, as the example 12, specific production conditions
and evaluation results of the LED device 1-21, as a sample,
are described. In the present example, baking of the sealing
agent for the light emitting device (binder type sealing agent)
was performed at 80 C.° for 1 hour after the agent was sprayed
over phosphor particles. Other conditions are the same as that
of the LED device 1-5. The LED device 1-21 was thereby
obtained.

As shown in FIG. 3C, the evaluation results in the example
12 are such that “c” in the adhesiveness, “o” in the crack
resistance, “@” in the sulfurization resistance “0” in the wet
heat resistance, and “A” in the light resistance evaluation.

Example 13

Production of LED Device 1-22

Next, as the example 13, specific production conditions
and evaluation results of the LED device 1-22, as a sample,
are described. In the present example, baking of the sealing
agent for the light emitting device (binder type sealing agent)
was performed at 100 C.° for 1 hour after the agent was
sprayed over phosphor particles. Other conditions are the
same as that of the LED device 1-5. The LED device 1-22 was

thereby obtained.

As shown in FIG. 3C, the evaluation results in the example
13 are such that “o” in the adhesiveness, “c” in the crack
resistance, “o” in the sulfurization resistance, “o” in the wet

heat resistance, and “o” in the light resistance evaluation.

In the examples 12 and 13, when the solid Si-NMR spec-
trum was performed on the sealing layer (wavelength conver-
sion type sealing layer) of the LED device 1-21 and the LED
device 1-22, the Q" peak group having a half width of 9 ppm,
the T” peak group having a half width of 9 ppm, and the D"
peak group having a half width of 9 ppm were observed.
Further, the silanol content ratio in the sealing layer was 20%.

As the above evaluation results show, in the examples 5 and
13 where the curing temperature for the sealing agent for the
light emitting element was 100° C. or more, the light resis-
tance evaluation result was good. On the other hand, in the
example 12 where the curing temperature for the sealing
agent for the light emitting element was less than 100° C., the
light resistance was slightly decreased. This is because that
organic matters, such as polysiloxane, and the like, generated
by the hydrolysis reaction is sufficiently removed by setting
the film forming temperature of the sealing layer as 100° C. or
more. Contrary, when the film forming temperature is less
than 100° C., vaporization of the organic matters generated by
the hydrolysis reaction is insufficient, and the organic matters
remain in the film, so that it is considered that the light
resistance is lowered.

Next, on the basis of the LED device 1-5 illustrated in
example 5, a LED device 1-23 and a LED device 1-24 were
produced by adjusting the film thickness of the sealing layer
by adjusting an added amount of synthetic mica, when a
phosphor dispersion liquid was prepared, and evaluations of
“adhesiveness”, “crack resistance”, “sulfurization resis-
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tance”, “wet heat resistance”, and “chromaticity variation”
were then performed on those devices in examples 14 and 15,
respectively. The evaluation results of those were summa-
rized in FIG. 3D. FIG. 3D is a table in which each condition
and evaluation result of the examples 14 to 15 are summa-
rized. The film thickness of the sealing layer in the example 5
is 10 pm. The evaluation results of the example 5 are, as

CLTS

shown in FIG. 3D, such that “o” in the adhesiveness, “0” in
the crack resistance, “o” in the sulfunzation resistance, “o” in
the wet heat resistance and “o” in the chromaticity variation.

Example 14
Production of LED Device 1-23

Next, as the example 14, specific production conditions
and evaluation results of a LED device 1-23, as a sample, are
described. In the present example, an added amount 0.02 g of
MK-100 (synthetic mica, manufactured by Co-op Chemical
Co., LTD.) was added to the phosphor dispersion liquid.
Other conditions are the same as that of the LED device 1-5.
The LED device 1-23 was thereby obtained. When a sealing
layer is formed under the above conditions, the film thickness
will be 100 pm.

As shown in FIG. 3D, the evaluation results in the example
14 are such that “c” in the adhesiveness, “o” in the crack
resistance, “o” in the sulfurization resistance, “o” in the wet
heat resistance and “o” in the chromaticity Variation

Example 15

Production of LED Device 1-24

Next, as the example 15, specific production conditions
and evaluation result of the LED device 1-24, as a sample, are
described. In the present example, an added amount 0.45 g of
MK-100 (synthetic mica, manufactured by Co-op Chemical
Co., LTD.) was added to the phosphor dispersion liquid.
Other conditions are the same as that for the LED device 1-5.
The LED device 1-24 was thereby obtained. When a sealing
layer is formed under the above conditions, the film thickness
will be 450 pm.

As shown in FIG. 3D, the evaluation results in the example
15 are such that “c” in the adhesiveness, “o” in the crack
resistance, “o” in the sulfurization res1stance “0” in the wet
heat resistance, and “o” in the chromaticity variation.

In the examples 14 and 15, when the solid Si-NMR spec-
trum was performed on each of the sealing layers (wavelength
conversion type sealing layers) of the LED device 1-23 and
the LED device 1-24, the Q" peak group having a half width
of'9 ppm, the T” peak group having a half width of 9 ppm, and
the D peak group having a half width of 9 ppm were observed
in each case. Further, the silanol content ratio in each of the
sealing layers was 20%.

As the above evaluation results show, in the case of pro-
ducing the light emitting device with the configuration illus-
trated in FIG. 2 A using the above-mentioned sealing material
for the light emitting device (for example, the example 5),
when the film thickness of the sealing layer was changed to 10
pm, 100 um, and 450 pm, it was confirmed that, for each case,
excellent adhesiveness, crack resistance, sulfurization resis-
tance, wet heat resistance, and chromaticity variation can be
obtained.

Next, LED devices 2-1 to 2-24 as samples having the
configuration of the second light emitting device shown in
FIG. 2B, and LED devises 3-1 to 3-22 and 3-23 to 3-31 as
samples having the configuration of the third light emitting
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device shown in FIG. 2C were produced, and evaluations
were performed thereon, respectively. Hereinafter, a produc-
ing method, evaluation methods, and evaluation results
thereof are summarized for each sample. First of all, the
production method for the LED devices 2-1 to 2-14 is sum-
marized.

As shown in FIG. 3, a light emitting element (LED chip)
having a package 1 (LED substrate) with a concave portion
was prepared. Specifically, a LED chip mounting package in
which one blue LED chip (rectangular parallelepiped shape:
200 um*300 um*100 pm) was flip-chip mounted onto the
center of a housing portion of a circular package (3 mm of an
opening diameter, 2 mm of bottom surface diameter, and 60°
of'wall surface angle), was prepared. On the LED chip mount-
ing package, a sealing layer was directly formed under the
same conditions except having no glass substrate, with the
use of the phosphor dispersed liquid and the sealing agent for
the light emitting element respectively same as those used for
the above-described LED devices 1-1 to 1-24, to obtain the
LED devices 2-1 to 2-24.

Next, the producing method for the LED devices 3-11 to
3-22 is summarized. Like the LED devices 2-1 to 2-22, a light
emitting device (LED chip) having a package (LED sub-
strate) with a concave portion was prepared as the configura-
tion shown in FIG. 2C. Specifically, a LED chip mounting
package in which one blue LED chip (rectangular parallel-
epiped shape: 200 pm*300 pm*100 um) was flip-chip
mounted onto the center of a housing portion of a circular
package (3 mm of an opening diameter, 2 mm of bottom
surface diameter, and 60° of wall surface angle) was prepared.

Except not applying the phosphor dispersed liquid onto the
LED chip mounting package, a sealing agent for the light
emitting element same as the above-mentioned LED devices
1-1 to 1-22 was used to form a sealing layer 7 having a
thickness of 1.5 pm directly on the LED chip.

After that, a silicone resin (OE6630, manufactured by Dow
Corning Corporation) in which 10% by mass of phosphor
prepared by the above method was dispersed was dropped
with a dispenser on the sealing layer 7 and baked at 150° C.
for 1 hour to form a phosphor-containing resin layer 8. The
thickness of the phosphor-containing resin layer 8 for the
LED devices 3-1 to 3-22 was set to 2.5 mm.

The same evaluations were performed on the LED devices
2-1 to 2-24 in the same manner as for the LED devices 1-1 to
1-24. As the result, the same results were obtained as that of
the LED devices 1-1 to 1-24.

Further, the same evaluations were performed on the LED
devices 3-1 to 3-22 in the same manner as for the LED devices
1-1 to 1-22. As the result, the same results were obtained as
that of the LED devices 1-1 to 1-22.

Furthermore, LED devices 3-23 to 3-26 were produced by
adjusting the film thickness of the sealing layer 7 on the basis
of the LED device 3-18, and “adhesiveness”, “crack resis-
tance”, “sulfurization resistance”, and “wet heat resistance”
evaluations were performed thereon in examples 16 to 19.
The evaluation results of those are summarized in FIG. 3F.
FIG. 3F is a table in which each condition and evaluation
result of the examples 16 to 19 are summarized. The film
thickness adjusting is performed by adjusting a coating
amount of the sealing agent for the light emitting element.

Example 16

Production of LED Device 3-23

Next, as the example 16, specific production conditions
and evaluation results of the LED device 3-23, as a sample,
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are described. In the present example, the sealing layer 7 was
formed so as to have a film thickness of 0.7 um. Other con-
ditions are the same as that of the LED device 3-18.

As shown in FIG. 3E, the evaluation results in the example
16 are such that “o” in the adhesiveness, “0” in the crack
resistance, “o” in the sulfurization resistance, and “o” in the

wet heat resistance.
Example 17

Production of LED Device 3-24

Next, as the example 17, specific production conditions
and evaluation results of the LED device 3-24, as a sample,
are described. In the present example, the sealing layer 7 was
formed so as to have a film thickness of 1.5 um. Other con-
ditions are the same as that of the LED device 3-18.

As shown in FIG. 3E, the evaluation results in the example
17 are such that “o” in the adhesiveness, “o” in the crack
resistance, “®” in the sulfurization resistance, and “o” in the

wet heat resistance.
Example 18

Production of LED Device 3-25

Next, as the example 18, specific production conditions
and evaluation results of the LED device 3-25, as a sample,
are described. In the present example, the sealing layer 7 was
formed so as to have a film thickness of 5 um. Other condi-
tions are the same as that of the LED device 3-18.

As shown in FIG. 3E, the evaluation results in the example
18 are such that “o” in the adhesiveness, “0” in the crack
resistance, “®” in the sulfurization resistance, and “o” in the

wet heat resistance.
Example 19

Production of LED Device 3-26

Next, as the example 19, specific production conditions
and evaluation results of the LED device 3-26, as a sample,
are described. In the present example, the sealing layer 7 was
formed so as to have a film thickness of 15 um. Other condi-
tions are the same as that of the LED device 3-18.

As shown in FIG. 3F, the evaluation results in the example
19 are such that “o” in the adhesiveness, “0” in the crack
resistance, “o” in the sulfurization resistance, and “o” in the

wet heat resistance.

Inthe examples 16 to 19, when the solid Si-NMR spectrum
was performed on the sealing layer for the LED device 3-23
to the LED device 3-26, the Q" peak group having a half width
of'9 ppm, the T” peak group having a half width of 9 ppm, and
the D” peak group having a half width of 9 ppm were
observed. Further, the silanol content ratio in the sealing layer
was 20%.

As the above evaluation results show, when the light emit-
ting device was produced, as shown in FIG. 2C, with the
above-described sealing material for the light emitting device
(for example, the sealing material used for the LED device
3-28), it was confirmed that excellent adhesiveness, crack
resistance, sulfurization resistance, and wet heat resistance
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can be obtained in a sealing layer film thickness range of 0.7
pm or more and 15 um or less.

Example 20
Production of LED Device 3-27

Next, as an example 20, specific production conditions and
evaluation results of the LED device 3-27, as a sample, are
described. In the present example, a sealing agent for the light
emitting device was prepared by further adding dibenzo-18-
crown 6-ether so as to afford 2% by weight based on a total
solid content to the sealing agent for the light emitting device
used in the LED device 3-18 production. Other conditions are
the same as that of the LED device 3-18.

As shown in FIG. 3F, the evaluation results in the example
20 are such that “c” in the adhesiveness, “o” in the crack
resistance, “o” in the sulfurization resistance, and “®” in the
wet heat resistance.

Example 21
Production of LED Device 3-28

Next, as an example 21, specific production conditions and
evaluation results of the LED device 3-28, as a sample, are
described. In the present example, a sealing agent for the light
emitting device was prepared by further adding 3-aminopro-
pyltrimethoxysilane so as to afford 1% by weight based on a
total solid content to the sealing agent for the light emitting
device used in the LED device 3-18 production. Other con-
ditions are the same as that of the LED device 3-18.

As shown in FIG. 3F, the evaluation results in the example
21 are such that “c” in the adhesiveness, “0” in the crack
resistance, “o” in the sulfurization resistance, and “®” in the
wet heat resistance.

Example 22
Production of LED Device 3-29

Next, as an example 22, specific production conditions and
evaluation results of a LED device 3-29, as a sample, are
described. In the present example, a sealing agent for the light
emitting device was prepared by further adding 3-mercapto-
propylmethyldimethoxysilane so as to afford 1% by weight
based on a total solid content to the sealing agent for the light
emitting device used in the LED device 3-18 production.
Other conditions are the same as that of the LED device 3-18.

As shown in FIG. 3F, the evaluation results in the example
22 are such that “®” in the adhesiveness, “o” in the crack
resistance, “®” in the sulfurization resistance, and “®@” in the
wet heat resistance.

Example 23

Production of LED Device 3-30

Next, as an example 23, specific production conditions and
evaluation results of a LED device 3-30, as a sample, are
described. In the present example, a sealing agent for the light
emitting device was prepared by further adding dibenzo-18-
crown 6-ether so as to afford 1% by weight based on a total
solid content and 3-aminopropyltrimethoxysilane so as to
afford 0.5% by weight based on the total solid content to the
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sealing agent for the light emitting device used in the LED

device 3-18 production. Other conditions are the same as that
of'the LED device 3-18.

As shown in FIG. 3F, the evaluation results in the example

5 23 are such that “o” in the adhesiveness, “0” in the crack

resistance, “o” in the sulfurization resistance, and “®” in the

wet heat resistance.

Example 24
10

Production of LED Device 3-31

Next, as an example 24, specific production conditions and
evaluation results of a LED device 3-31, as a sample, are
described. In the present example, a sealing agent for the light
emitting device was prepared by further adding dibenzo-18-
crown 6-ether so as to afford 1% by weight based on a total
solid content and 3-mercaptopropylmethyldimethoxysilane
s0 as to afford 0.5% by weight based on the total solid content
to the sealing agent for the light emitting device used in the
LED device 3-18 production. Other conditions are the same
as that of the LED device 3-18.

As shown in FIG. 3F, the evaluation results in the example
24 are such that “®” in the adhesiveness, “o” in the crack
resistance, “®” in the sulfurization resistance, and “®@” in the
wet heat resistance.

The LED devices 1-27 to 1-31, which have been produced
with the sealing agent for the light emitting device used in the
example 20 to the example 24, of the first mode according to
the invention illustrated in FIG. 2A and the LED devices 2-27
to 2-31 of the second mode according to the invention illus-
trated in FIG. 2B were also evaluated in the same way as the
LED devices 3-27 to 3-31. As the result, the same evaluation
results were obtained for all of the LED devices as same as
that of the LED devices 3-27 to 3-31.

Inthe examples 20 to 24, when the solid Si-NMR spectrum
was performed on each of the sealing layers for the LED
device 3-27 to the LED device 3-31, the Q" peak group having
40 ahalf width of 9 ppm, the T” peak group having a half width
of'9 ppm, and the D" peak group having a half width of 9 ppm
were observed for each case. Further, the silanol content ratio
in each of the sealing layers was 20%.

As the above evaluation results show, it is possible to obtain
further good wet heat resistance by forming a sealing layer
with the above-described sealing agent for the light emitting
device (for example, the sealing materials used for the LED
devices 3-27 to 3-31) including either one or both of the
above-mentioned cycle ether compound and the silane cou-
50 pling agent.

As described above, the sealing material for the light emit-
ting device according to the invention satisfies the following
conditions:

in the solid Si-NMR spectrum, a peak has a peak top in a

chemical shift within a range of =120 ppm or more and
-90 ppm or less (that is, a Q" peak group), and a half
width of 5 ppm or more and 12 ppm or less;

in the solid Si-NMR spectrum, a peak has a peak top in a

chemical shift within a range of -80 ppm or more and
-40 ppm or less (that is, a T” peak group), and a half
width of 5 ppm or more and 12 ppm or less; and

a silanol content ratio is 11% by weight or more and 30%

by weight or less.

Thus, the sealing material for the light emitting device is
5 able to achieve both the adhesiveness and the crack resis-

tance, and obtain the high sulfurization resistance and wet

heat resistance.
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EXPLANATION OF SYMBOLS

1 LED SUBSTRATE

2 METAL PORTION

3 LED CHIP

4 BUMP ELECTRODE

5 GLASS SUBSTRATE

6 WAVELENGTH CONVERSION TYPE SEALING
LAYER

7 SEALING LAYER

8 PHOSPHOR-CONTAINING RESIN LAYER

100 LED DEVICE

The invention claimed is:

1. A sealing material for a light emitting device for sealing
a light emitting element, wherein:

in a solid Si-nuclear magnetic resonance spectrum, a peak

has a peak top in a chemical shift within a range of =120
ppm or more and —90 ppm or less, and a half width of 5
ppm or more and 12 ppm or less;

in the solid Si-nuclear magnetic resonance spectrum, a

peak has a peak top in a chemical shift within a range of
-80 ppm or more and -40 ppm or less, and a half width
of 5 ppm or more and 12 ppm or less; and

a silanol content ratio is 11% by weight or more and 30%

by weight or less.

2. The sealing material for the light emitting device accord-
ing to claim 1, containing inorganic oxide fine particles.

3. The sealing material for the light emitting device accord-
ing to claim 2, wherein the inorganic oxide fine particles are
7rO,.

4. The sealing material for the light emitting device accord-
ing to claim 1, containing a cyclic ether compound.
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5. The sealing material for the light emitting device accord-
ing to claim 1, containing a silane coupling agent.

6. The sealing material for the light emitting device accord-
ing to claim 1, containing phosphor particles.

7. A light emitting device in which at least a light emitting
surface of an light emitting element is covered with a sealing
layer, wherein

the sealing layer having a film thickness of 10 um or more

and less than 500 um is formed with the sealing material
for the light emitting device according to claim 1.

8. A light emitting device, in which at least a light emitting
surface of a light emitting element is covered with a sealing
layer, comprising a phosphor-containing resin layer contain-
ing a resin and phosphor particles on the sealing layer,
wherein

the sealing layer is formed with the sealing material for the

light emitting device according to claim 1, and has a film
thickness of 0.7 pm or more and 15 pm or less.

9. The light emitting device according to claim 7, wherein
the light emitting element is a light emitting diode.

10. A production method of a light emitting device in which
at least a light emitting surface of a light emitting element is
covered with a sealing layer, comprising the steps of:

applying a sealing agent for the light emitting device onto

the light emitting element; and

forming a sealing layer containing the sealing material for

the light emitting element according to claim 1 by curing
the sealing agent for the light emitting device at 80° C. or
more.

11. The light emitting device according to claim 8, wherein
the light emitting element is a light emitting diode.
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